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INTRODUCTION 

. ; Thc,f>roduction of nitric acid from .nitre and sulphuric acid* was 

cari^d out^n a very larg« scale during the war. 

factories alone, Queen’s Ferry and ( jctii^ were al)le to Jurn 
• out awoeft i,joo tone of nitric acid per week. 

AgjJin, st^c^ty «>f experienced staff and workpeople along with 
•the incess£uit demand for output caused many difficulties in the cafly 
da^s. I'he•conditions for working the plants to the best.advantage, 
however,-wore carefully studied and investigated; fuid soon the staff j^id 
workers became more e.xj)crt and wi^re able to conduct the oj)crations 
with .greater care and knowlcilge until excellent result^ were steadily ’ 
obtaine(> at nearly all the factories. * 

A descrij>tion is given of the phuit at Gretna and of iis operation* 
wh,wi all was running smoothly, then follow reports of syme spcx:ial 
tna.i« a»d uivestigations which were of the greatest help to all coijc{;ra«d. 

^ The recovery of nitric acid from the spent acid from the manufaclurtf 
of flitrocotton by distillation is al.'<o described. ^ • 

Finally, th«^ recovery of nitre from the bags by wasLig is treated. 
Tins IS important on account of the value of the nitre recovered a5ld*«lso 
as .a means of diminishing the fire risk from bags impregnated with 
mtre, since sevc{;al serious fires occurred from sparks Jilighting on unwasBed 
nitre bags. 
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MANOFACTStREe OF SlTMC 

SEXmON 1 

DESCRIPnON OF PLAHS? AMD VA6CSS^ FOR MANUFACTURE! OF 
NITRIC ACm BY R^RT, ^JE^OC^* 

GeL^ outiine.—Sodium nitrate (nitre) and sulpliyno acid' tire 
heated in retorts by means of producer gas. Nitric acid is dlstillid 
condensed and collectw^ leaving a resimie fof nitre caHc, which ds 
ultimately run out^if the retorts and collected. 

i 

t 

DkSCKIPTION of BlIIl.DINGS t\Nl) PLANT 

* • 

! Nitre stores.— '^hree, stone-built sheds, each 212 feet x feet 
wide X 24 feet high (to eaves), with concrete floors and corrtigated' 
iron roofs, are jirovided. lilach shed has a wording caoacity of 37000 tons. 
Nitre stocks aie brought into the sheds by railway wagojis on-elevated 
standard rail gauge (4 feet 8i’ inches) tracks (two to each shed) built 
on stone*''])iers. Th<^ nitre is dumped out of its containing bags on to 
the floor of the shed. Running along the floor of each sheii are threij. 
sets of 18 inch gauge bogie tracks to provide a means of truckuig the 
nitre to the drying machine and to the retort housiis. The floors of the 
sheds artS'drained to small sumps, whence liiiuors can be recovered and 
trUijsferred to tlie bag-washing jilant lor evaporation. 

Cummer drier.- Fig. i shows the general arrangement and setting 
details of the Cummer nitre drier, two of which are installed. 

— ' 'rjie drier consists of a cylindrical steel tubi', 27 feet long X'54 l-iches 
wefidmeter, set at an inclination of 4 inch in 12 inclics towards the discharge 
end., riit; lower oi‘ discharge end is fitted with a cast-iron trupnion 
runniiVg in a* Oi'aring whilst the njijier or fei'd end is fitted with a cast- 
irop ring supjiorted on two cast-iron rollers. A third roller bearing on 
the back of the ring serxes to take tlu* thrust ilue to the inclination 
of the tube. 

* The front end of the tube is lit ted with a spur ring driven by gearing 
and bolt from a countershaft l arricd on top of the setting. 'I'liis driving 
mechanism serves to rotate the tube at a speed of six revolutions per 
minute. 

'•'he tube is set in a brickwork chamber as shown, the covering < 
consisting of Tire-bricks laid on transverse 2^ inch x 3 inch x p''o inch 
tees. At the (lA' Iiarge end of the drier a chute is Imilt into the brickwork 
through which the. dry'iiitre is dischargetl. 'fhe drier is coal-fired, being 
fitted with, an uctomatic. stoker diiveii from the above-mentioned 
‘countershaft, the combustion chamber being built out in front of thfe" 
drier. The ginies resulting from the combustion of .the fuel pass' into 
I the brick chamber in whiejj the diyiiig tube is housed, and thence enter 
' tl^e discliarge end of the tube pa.ssing over the nitre in tire tube and qut 
at the' upper end of the tube. Ori'y a shiall proportion of the gas is 

- 1 ... ^ - w ■ ^ ..-- ■ -' 

* Tlic^folhiwing descriptions refer more particularly to the plant at Gretna. 
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cimiUted around *(11 outside oi^he tube, a fire-6ricl%arch with perfora- 
tionsrm the'crojwn bging built Jnder the tube for the greate^part <»f ita 
length,, thus c^lmg tnh.*m*jor«portion of the heat to*be transferrea 
dir^t^ ^o the nitre in the tulfe. The gas leaving thg drier contaSns 
a proportion of nitre in the fqcm o^dust, and^s therefore passed through 
a d^pchamber, thife aonsistii^ of a brick chamber about 12 feet >^4 feet 

* X iiighr divided'tntt), by a central vertical division wall, 

entering at the top of one division, passing down same and«entering 
the qther division by an opening in the bottom of the division walVand 
thence out o^a 3 foot diameter stack erected oft top of the chamber. The 
tube is put under « slight suction by means of a fan rotating in the 
.gas Bipe V its entrance to the dust chanAer, the fan being driven* by 
*belt ^om th^main countersliaft. 

ijie furnace k provided with an additional*chimney, 18 inchesoin • 
•diameter, with a damper and steam jet at the 'botJ;om for starting*up 
^d regulating mooses. 

Pai^i?Mw c 9 le m^jgi^be taken in building the firebrick arch befow 
file tube, the bricks being rubbed to a good bearing and laid dry. 

The wetanitre is brought into the drier house from the nitre store 
in flipper bottomed buckets by means of an overhead runway and is 
%dischargdff frdm the bucket into a feed hopper, the feeder jiortion 

* which is below ^oor level in order that the bucket can run straight in 
•withoul^being noisted. The feeder discharges the nitre into the boot 
,of a w 5 o 4 ,en-cased elevator which elevates the nitre into a*chttite leading 
into the drier itself. 

The nitre then passes through the drier aamijjg in direct contact 
, with,the fire gases, and is delivered dry into the boot of a secqpd vertical 

* elevator jjpade with a steel casing. 

This elevator lifts the dried nitre up to a sufficient height to diS£liarge 
> iabpjtW'ffentre of a circular storage bin. 

The bin is 16 feet diameter inside, having a capacity Si 70,t6ns of 
nitre, and is built of brick in cement reinforced by circumferentiaftension 
lioons. The bottom of the bin is built with a conical bottom to faaiUl^j;^ 
discharge. 

The runway bringing nitre into the drier house is connected ap to, 
t^y taking it ou^ of the house, so that the wet nitre may be taken direct 
to^he Retort iiouse should the drier be laid off for repairs. 

The flbor of the drier house is of conaete. ^ ^ 

•Each drier is capable of drying 80 tons of nitre per 24 hours, redj^ping 
‘ tne moisture from 2-5 to 0-5 per cent. 

The following figures ate taken from reports :— 

• Fuel consumption (coke) per ton nitre haiMkd =0*014 ton* 

• Wet.nitre, moisture - • - - 2 • 3fj)er cent. 

, JiJry nitre, moisture - - - . =0*5 per cent. 

Thexe is a tendency for the drim or ^ing chamber to get caked 
jyith hard fiitre. This^ more proncMced in wet weather. Tlfe rem^j 
is to rein through, .say,-once'dai)y,ilo or 30 iron bails—eight-fejod aild 
fkiinted. This treatment,geaeralty o^nves the bulk of the sca}^. 
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MANUFACTURE 6f fllTpiC ^IcCD 

Tbe bottom 9f tile storage bin i^fitte<J v(^th^ /ix discharge chnt'es 

1 leot sqnare, which, when open, deliver the c'it^e ii\tp ,bt)pQs. Each ' 

''bogie passes (?ver a weigh-bridge, and* tha cbri'tents irg adjusted uirtil 
^id cwt. dry nitre are in the wagon, "^rhis ijf tlien taken to pie retort 
house and raised by meap^ ot an^^ectric lift to the rSlorts'chaining 
platform. ' , / , 

• Two electrical lifts are orovidAl.' one at the end of fcach_^ house.*. 
Each fe. driven by a 12 h.p. motor, and lifts a net load oi to cwt. • To 
avoid'corrosion the electric controls are placed in a separate she^, ojit 
of the way of acid fumes.' •* 

The, bogies containing the nitre run on a track on the chafging 
platform. 'ITie nitre is tipped into a movable chute fitting ink) the 
man-hole of the retort, into which it is raked,. '. , * 

, Sulphuric acid stor&ge and feed tanks.- -Two q fo/)t x 30 fool*A)oil(jr 
tafiks, elevated on^brick piers, are provided for the storage of ijulphuric 
acid. From these tanks the acid flows by gravity into the retort'housed 
arid communicates with the sulphuric acid fogd tank.,, b"'- df,which is 
Attached to eacJi retort. 

These feed tanks are mild steel cylindrical tanks (f3 inches deep 
X 51 inches diameter, and conveniently hold 2 tons of sulphuric acicl. 
Each is providi-d witli a lid, gauge glass, and inlet and outlet valvesy 
From ex])crience it has been decided that the gauge glasses fittings 
are too small and the gauge glasses are not reliable. All t.'.uks are 
dipjied before and after use, 1 inch of acid being equal to o-o'^q tons 
qf'j.oer cent, sulphuric acid. The tank has a sloping bottom to the 
outlet valve. Eatji tank is elexatiid and sits on brickwork standing 
30 inchi's, high. The whole sits on a leaden tray () feet . , () feet 

2 inches, .with a i inch diameter e.xit hole which connects po a lead 
Jaiiridhr 4 inches X 4 inches, and in turn connects to the drain.' The 
outlet from the sulphuric acid measuring tanks is bj^ a 2 inch b - 'jjjie, 
which .comfects to a jiermauent ft'cd pipe lifted up to tin* relolt lid. 
This fe'ed pipe is of cast iron and is flanged to the lead delivery pi]>c from 

tank, ('onnection into the retort is made by a T -piece, which is 
pro\ ided with a blank llimge for clctming purjroscs. 

, In order to do away with the (errors occurring in dipping the.se tanks, 
an improved method has been develo])ed. The same tank was used. 
A hole w'as cut in the side, about 4 feet 3 mches from the bottom oft tie 
tank; and an overflow pijie was inserted. Next an iron j.lunger was 
pl^jjed inside, connected with a pulley and chain to wliich was attached 
a pointer-:ivpacent to a scale. \ATien the tank was to be used it was 
filled up to overflowing, and, according to the strength of acid and nitrate 
content of the nitrCj^ the plunger inside the tank was adjusted by means 
of the sc^w. 'l^iis gave a definite ^volume of acid for each charge pi 
^ nitrate, niis style of tank does very well, and when in use can be 
dei)cnded upon to give nitre cakes of even acidities. 

Nitric acid'retorts.—Th^ retortsi arc contained hi two houses each 
Ijolding ,24 retorts. They are buir. in each house in sets oT three, tjje 
brickwork settings of these batteries being' separated by • passages 
i feet 5 iiiches wide. 
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Ffg. g shows'ttie detail ofSftie retort setting. 

A jaft*ofVor;^r«f^,is lai 9 down sufficiently long to take a bank/^f 
three retorts’and of switalble’ thickness depending on the nature ot fhe* 
ground. • ■ 

' ^ On. top of this the settimg is-built up a# indicated. 

* It wj!! bq,s<k.'n*froBi this draRX'ing that the gas in its coiirse^roip the 
inJdt to Jhe chimney culvertcaused to sweep around Ih^ retort in 
three complete turns and thence over the top of the retorf an^ from 
‘tliCTe intO’.the down take and thence to •the chimney culvert. The 
dftwntak^ is 12 inches x o inches and the chimney cuh’ert is a semi- 
arqfi flue, 3 feet 9 . 3 het 6 inches high.# This flue is built Tn ordinary 
brick laRl in'cement,'and extends the full length of the building, a branch 
at«ts middle point ’l)eing taken off to the chimney. Suitable mai^-ho^p 
• frames are built mto tlie crown of the flue at intervals of about 30 feet. 

^ • ‘'■All brickwork jn the retort setting proper in* contact with the hot 
gases if:M,of.,t{.:; .best iirebrick, whilst all other brickwork above the»lloor 
, level ft lai(l in liinc nltiflar. fim 

The dmwing also gives details of the gas culvert, this being a semi- 
ar<jli culvert 3 feet wide X 3 feet 6 inches high lined with ^ finches of the 
best fii»bri(;k. From this culvert at each retort is taken off a valve 
connection to the furnace, this valve being operated from tl'ie floor Rvel 
or fr(m the top of the retort setting. The gas after passing the control 
valv«\)asses through a rectangular conduit 5 inches >i 6.^ inches and 
thence through a rectangular opening 6 inches X 3 inches. On leaving 
this opening it is mixed with the air necessary,for combustion andVnter* 
the combustion chamlMT through a rectangulal" opening 9 inches x 
(> hiches. The quantity of air admitted for combustion Ts controlled 
bv'metfhs of a slide valve. 

...iiirfecn soot tloors 12 inches X 15 inches are built into the. se’ttin^^ 
“(T‘each retort as shown for cleaning out the gas passages, thesd! doors 
being so designed as to serve also as explosion doors. • 

Particular care must be taken in laying all the firebrick iMimg^of 
these settings to leave a clear .space of at least inch between the lining 
and file ordinary brickwork of the setting to accommodate expansion 
«f the retort and firebrick due to increase in temperature of these pai'ts. 
•ibis Ls important, as if neglected it will be found that the brickwork 
settin'^ will crack when the retorts are operated. • * 

TTie concrete rafts ujion which these retorts are erected i^’St be 
kept separate and distinct to allow of settlement of any 'w,:k of retorts. 
If this is not attended to any settlement which may occur after erection 
would likewise cause the brickwork of the set^igs to be distorted and 

■ cracked. • . , ’ • ^ 

Th^^g” retorts are gas-fired from the side nearest tne condense 
aijd* tapped from the oiiposite side, .so that these passages are useful 
as providing a way of communicatj|On for fappers who»need to examin^ 
the fires,*or for tirem^en who need/'/o adjust the dampers. Immediateljf 

■ behiiki the retorts, and about 1^ f(j6t above tlie brickwork top.-i* a ^eM 
iplate chtyging pfatfoos caarryulg jthei bogie tracks from thiLlifts. from 
*vhich the bqgie^jof nitre are conveyed to the retorts. The mort is of 
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yast irpn, ajid consists of a lower portiSn, cylindrical in sh£^pe,■with*a 
wncled bottom and a' cylindrical extension qpg ^ irt.jheS hi^h, the 
'^tv'O' parts being made one by a rust joint. Tihe fid is very" slightly 
dome-shaped, and fits into a coIlar^iK the extension ring, coimectilm 
being made by means of a rust joint. The lid has a large hole about * 
2 feet 8* inches diameter, to which is brlted, by means qf 15 i inch bods, 
the ironr';asting which embodies the clia*ging man-hole, which is clpsed 
byc^mvh lid, and the 8 inch diameter circular hole into which is fitted 
the uptake to the condenshg system. Tlie total capacity ,rf the rdtet 
is about 9^ tons of water. This size is found suitable for the decompositm 
of 2 tons of sodium nitrate, c 

At the lowest end of the retort is a 2 inch outlet for the nitre cake. 
/I'liCj outlet extends by a pipe to alxiut i inch outside thu briclfcv,x)rk 
settwg. Round the end of the tapping pipe is fitted a collar whicb^ 
carries a screw-plug holding device to keep in jioskion a cast-iroiu plug 
used to close the hole, an acid-tight plug being first madi?,-of d,?mp clay. 
Adater type of retort has a different kind of tapjj'uig hole, bemg 4 inches 
in diameter at the end, and instead of having a block of irijn as a plug, 
has a swing-door, which is kept in position by means of a screw. Jliis 
is a decided improvement on the old pattern. 

The reforts are gas-fired by producer gas, which is led from the 
main gas flue through a 4 inch pipe controlled by a valve to a horizontal 
passage, 8, inches square, beneath the retort. A large amount' st tar 
condtiiscs in tlie 8 inch passage, and is drawn off through a cleaning 
*door." The gas then passes up through a square hole into a brickwork 
combustion, chamber, which is approximately 22 inches x 48 inches X 
24 inches high. A large sqirarc firebrick is placed above the hole, 
suppiiried on bricks, in order to spread out the flame and keep' it frbra 
’ impinging on the retort too much, and also serving to distrih”ie Jlie 
heat mor,e ewcaly. 

The''products of combustion j)ass through the flue system, which 
c^is'-tr ot four horizontal circular flues approximately 15 inches deep X 
9 inches broad built right round the retort, and so arranged that the 
g^es must travel round the retort before ])assing to the next flue above. 
Each flue is provided with four explosion doors. From the topmost 
,flue the ga.ses descend to the waste gas flue leading to' a 100 foot stcfel 
chimney stack. 1 

The condenser j)latform consists in each house of an upper,and 
lowePdeck, *^*46 upper deck serving to support the condensers and the 
fume main, an’d the lower deck to carry the acid mains. The receiver 
platform is built alongside the lower condenser deck, and'a little below 
it in level, .so that t,H(;‘fhain can be set with a good fall in the direction 
^f flow. TWe condenser deck is built 01 wood or steel, ahd acid resisting 
brickwork. The receiver platform is supported on acid resisting brick 
^ piers. • 

'• Nitric.acid condensers.—The final'arrangement of the Hart qondensers 
fwas carjird out as shown in Fig. 3, aril gave^the most satisfactory results. 

, The jlptake from the retort is 5 f 3 inch silicon-iron metm,° 'Snd is 
carried Up vertically about 4 feet before bendiiig over to doimect witli 
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the c&caide, which ^pes down at an ai^le of 8o® wit^ the vertic^^* 
The cascade n$ bpilf »f straight pipes. Cascades of •silicon-iron h^\je 
been put«in, also casc^es of ceratherm. Both are ^ improvement oi* 
potterjrwartf 

• The gas from Jthe retort passes through these 8 inch pipes into the 
eh(i of an 8 indi pottery'junction pipe E, the pipes being lalh with a 
slight faH soi that they drain into the junction pipe. 

•* The otjier end of the junction pipe is bent downward and is consiected 
t« the acid inains in the manner hereafter described. From this junction 
pipe twb stand pipes G are taken, e^h carrying a front condenser 
header suitable far taking 26 glass tubes i| inches outside diameter. 
Th^stand»pipes G»are moulded with flanges in order to support them 
on the condeifter framing. The glass tubes, above mentioned ate" 
connected to two back headers M of similar design to headftrs K except 
that the lower ends ©f tliese headers are closed whilst the tops are formed 
with open sockets. The two sets of headers are set at a level sucK tiiat 
the glass tubes drain towards the front headers, the condensed Aicid 
posing thSnce into the junction pipe E. The gas passes tljrough these 
two banks of tubes in parallel and thence intp a 6 inclT arch pipe N 
connecting *tlie upper ends of the two back headers M. 

From the centre of the arch pipe N another arch p^^c 
the*uncondensed gases into the top of a third back header M. This is 
exactly similar to the two back headers previously niNBioned and i^ 
connected to a front header L by means of 26 glass tubes inch^ 
f 5 utsidc diameter. This header L is similar to* the front headers K 
except that it has an open socket at the top instead of bwng closed, in 
drder to permit uncondensed gas to pass to the 9 inch fume-maiji .through 
the .'(Jiich damper pipe Q and the 4 inch arch pipe K. • • 

* The tubes in this bank are set so that they drahi towards the front 
header L. This header stands in a tliird stand j)ipe G exaltly similar 
to those supporting the other two front headers, the acid condensed 
in the tubes passing down through the stand pipe into a .sealed c 9 tch, 
pot J. 

The overflow from the catch pot is i| inches diameter and is led 
•to a 2 inch Y-f>ipe X, the other uilet to which is connected to the lower 
end*of the junction pipe E, so that acid condensed in all threa banks of 
tubes is led to the Y-pipe. Glass tubes V mid inserted >01 each 

of the connections so that the flow of acid may be (Served. The acid 
passes from the Y-pipe X into a still watcher marked ?. This consists 
of a 2 inch U-pipe?orinea with a socket at the inlet and with an overflow 
basm, 6 inch^es in diameter, on the outlet fbg, the fitted 

with a glass'dome and two 2 inch discharge pipS. In ine event of 
rising, in the retort the glass dome will Jift and the pressure be 

relieved. 

• 

The discharge,pipes from the still watcher are connected to tne 
wea^ and strong acid mains ,a^ shown, with cocks in each connetdiem, 
so tha^the acid dis^arged fr»n^ tli« condensers may be d||^e^ed to the 
strong or \yeakfmain at wdll. 
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, 'M joint} in the pottery pipes are made 
foHpwmg composition:— 

^ t 

Asbestos {)owder - • - • • - 

Asbestos fibre ... 
fallow - - - - . 

V^hiting . . - . 

^ Bdiled linseed oil - 


xrfth; 


a cement bf the 

,'t • 

Parte. 


- *40 * 

- 8 

- . 20 , 

- 21 


As there arc more than 150 joints connecting the condensing system 
of each retort, the greatest care i,s necessary in selecting*joinling jnaterial. 
The glass tube is placed in position and a ring of •] inch blue msbeslos 
. cord put in. A layer of asbestos putty is then inscrletf, the sanft repe^al, 
alid the whole faced with a mixture of asbestos powder and silicate. 
When this is properly set the surface of the joint is painted over'with 
bituip^tic paint. Tliesc joints, if properly handlcSi, will .last quite a 
lon& time. Sudden pressures on the retort, and sudden rushes of gases, 
must be avoided if such joints are required to have a long life'. 

These biljc's are covered by means of scouring cloth, wtich sen'es 
to distribute wate:* evenly over the tubes. The cloth is tqm up iijto 
'Strip* 4 inches wide, and is interwoven with the tubes, round the first 
tube to the right, thence to the second tube by the left, and .so on down 
the standard. The cloth is kept from the standards about 4 to 6 inqhes. 
Rubber ringsT -a inches in diameter, are used on the glass tubes at their 
Tlkwer end to keep water from the joints where the glass tubes ejuter the 
standards. The (juiuriity of cloth reejuired for a set of three standards 
is 300 square feet. About 2,000 gallons water are run down a set of tubes 
per chargp. • The surface area of the glass con<lensing sj stem {thr»e setsi, 
jt 159'square i^et. The water from the condenst-r standards is ceJigeted 
in a tr»]igh 6 ,fcet b inches x 4 inches d(!ep and (> inches wide, fr»m 
which it isyun down to a common drain fitted with a V-uotch. Samples 
are taken daily and analysed. The average loss of acid is 10 lb. nitric 
acid p#r house per day. 

• 


Nitric acid mains. - - The acid mains arc 3 inches in diameter and are 
built of 2 feet to 2 feet 6 inches lengths of pottery pipe. 'Hiey run; 
the entire, length of the house, and are sujqiorted on brick arcl(,es on a' 
platforip below th'-' condensers, liach condenser delivers into the 
mains by branch pljies. 

The strong'main connects with a 3 inch pottery pipe wliich runs 
at tlie back of the strong receivers, and gives dff branches to the three 
lead-cooling coils. Each l»ranc.h is closed by means of a 3 inch pottery 
cock, anirLTISt"!; are ^hree more similar cocks along the ma^i, b'ehind the 
receivers, so that any particular section may be cut off for repaij; wcfk 
without interfering witli the running of the plant. * 1 

^ The we:^ maJh is continued along the platform and outride the 
housQ to the weiik receivers. Eight branch pipes with suitable eartjfen- 
wkre cocte ynncct to the eight recpivdbj which ax*e reserved for we^ 
acid. 
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Three v iiiph l^ac^* colls are provided in each house* They.^e 
immersed in irod tanlA toijtaining running water. The* acid exit from* 
each coil branches to t'R^o Teacl receivers, a 2 inch pd^tery block cock ’ 
,l)eing provided on each branch to 'enable the acid to be run to either 
or Ijoth receivers. ^ 

Nitric fftsid receivers.—Tlie strong receivers are built of 20 lb. lead 
in tlie sha1>e of cylinders, 8 feet 3 inches diameter x 30 indies deep, 
:md isach receiver has a capacity of about 6 tons of strong nitric ticid. 
Sii? vertical iron T-beams round the circumference and two encircling 
iron bandi^ strengthen the receiver, and thf top is supported by six lead- 
covered iron I-shaped . rails. A man lid and a 4 'rich dipping hole are 
proriflcd in "the'top'of each receiver, the former being permanently 
‘bolted on, while the latter is covered by a lid which fits into a lute* 
c.ontaining a little mineral jelly. The outlet cocks from the receivers 
are 2 inch potiery block-cocks, which connect with a 4 inch lead tn^in. 
to the mixing station. Under each outlet cock is a lead drip tray, apH 
flicse traj'S cdmiect by a pottery piipe to a pottery blow egg. A 4 iitch 
jiottery pipe connects each receiver to the fume main, and,a«lcad pijic 
]>crforated on, the upper side passes round the interior* of each receiver 
and scri'es for the introduction of compressed air to mix tha acid beiore 
samjiling. 

T^n recei\'ers .'ire jirovided for weak acid. Two of these are reseiwed 
/•xclusively for towi;r acid. They are of pottery, of 100 galtefts capacity, 
and of cylindrical sliajie. '1‘he lid is sejxirate, and is jointed ou« with i 
llvi usual asbestos jointing. The acid is run out •by gravity through 
I inoli jjottery bib-cocks into a 3 inch jiottcry main to the mixing station. 
A • incli»j)ii)e connects each receiver to the fume main, and tligre is a 
dipipiing hole, closed by a jiotteiy cover, in each lid. Tlie receivers stand 
111)01* a flooring of acid-resisting tiles. Any drijis from the cocks are 
collected in a jiottery piiie placed underneath and led to a carbrty placed 
beneath the stage. 

Fume mains. —'I'lie exit from the third Hart unit of each condensar 
set is connected to a large 8 inch jiotterj' fume main which passes along 
«Ju;;li house. A plain of the simie size branches off to the ab.sorption 
tcAv'ers.from the middle of each house. To the first main is connected, 
^ smaller *6 inch main which serves to exhaust the receivers by means 
of the 4 inch and 2 inch brancht's above de.scrib('d. 'Hie fume main 
is built on a slight slope so that any condensed acid runs to the lowest 
])oint, where it is dr^pwii e.ff to the reireivers through a suitable 2 inch 
pipe. . 

Nitric acid e^.— i wo cart}icnw;ire eggs, each of 77 gallons capacity, 
arij Installed beneath the strong receiver platfprm, one in each 
hoflsc. Drip jiii)es and nms from all parts of the hous^ tirip trays and 
pottery jpgs are ifll emptied into these eggs. Any acin spilt, from any 
Aackejf m.'iins, and aesd collected in carboys, is put into these* eggs, apd 
tjic contents blown to the rcceivtUy^by,compressed air at lo lb\ pftssure * 
Ihe acid te'delivqjed tiAough a a ihch potterv line, to eilhei* jUronir or 
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receivers as required. The inlet cock is^jof pottery the air 
pipe of lead. Connections are made by means cf flanged joints packed 
with asbestos and compressed with iron clanq^. 

Ataorptlon towers.—The 8'inch pottery mains already described above 
are carried outside tlie houses on wood trestles to the absorption 
towers. There are two sets, each of eight towers, one set bein^' connected 
to eacli'house (Fig. 4). The towers are elevated on brick piers 12 feet 
high. Both deal with the uncondensed gases from the houses. The 
towers arc built of stoneware, and are constructed in five sections. 
Eaqh section is 3 feet long X 3 feet diameter. The column of five sections 
rests on a pottery saucer 9 inches deep and having an intcmfijl diameter 
of 3 feet 6 inches, llie bottom section has a 9 inch take-off to connect 
as gas inlet to the fume main. The towers are themselves packed with 
graded quartz, which rests on a tiled archway built in the sap<jcr to 
give easy access for the fumes. 'I'hc size of the. quartz jiacking varies 
horn 6 inch .-.tuff at the bottom to 2 inch stuff at the top. At each 
section of the joints a 2 inch jierforated plate is provided with i inch 
holes. Packing the absorption towers with lumps of quartz and also 
with Accrington pottery rings has been tried and it was found that the 
poi^ery rings had the following advantages over quartz packing : 

(1) Proportionally greater free space. 

(2) Proportionally greater wet surface. 

'^,1 (ireatcr uniformity. 

(4) Less liability of chokmg. 

(5) Small lateral pressure on the tower body. 

In the first record of this series on “ Denitration of Spent Acids,” 
particulars\)f the earthenware ring packing are given, and it'is shown 
that in a total volume of tower of 99 cubic feet, 38 cubic feet are occuj>ied 
by the nacking leaving 6 t cubic feet of free sjiace. The total siitlace 
offered 'Jnside each tower is 2,111 square feet. The saucer at the foot 
of the, tower is fitted with a i inch cock, which delivers the weak acid 
into a constant level receiver situated just below. At the top of each 
tower is a pottery acid distributing bottle known as a beehive, fitted 
with four i inch bib-cocks. Two of these are connected to delivv.* 
acid from the beehive down the tower of which it forins a part, llie 
other two are ])rovided so that acid may be forwarded through the 
same tower or part diverted to the next tower in the scries througa 
1 inch glas.s pipes. 

Constant ie\’e.l receivers, already mentii^ed, are made of pottery, 
and measure 27 inches in mtemal diameter. Theji^ hold acid to a depth 
of 20 at v/hich Ihvel each is connected with the next.in the series 

by means of a inch glass tube, which maintains a constant level in 
all receivers. . ' ' .• 

Pohle air jifts are used for raising the absorption acid from the 
constant level receivers to the tops of the towers. Ihe gases conveyed 
^ akmg the fume main enter at the foot of No. i to^er, are drawn .through 
the tdU'eA leave by an 8 inch tJ?ibehd,J and, are conveyed to the botto-<r. 
of the second tower and so on tlirough the sSies. cThe absorption ] s 
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c^ea out.Dv couritert^iitulation of absorption liquid (waier or w^k 
mtnc acid) and n»trpus furqes. A constant supply of acid to the 
well IS received from the Constant level receivers. Air at 15 lb. jier 
^quare is*supplied via the glaSs^ir tube, and a continuous but jerky 
lift pf acid to the beehive on top of the tower is maintained. 

-. The cqpnpressed air. required for operating the Pohle lifts is tarried 
to the tovjpr ^ont a 2 inch branch pipe from the main air service at 
80 l^pper squarc*&ch and is reduced before it is used at the lowers to 
15 ih- per sqaare inch. It is connected to the individual lifts by means 
of stout rubber conpections taken from a i inch pipe. The compressed 
air serves;two purposes, viz., to elevate the acid from bottom to'toj) 
of '^e towe^ and als^ to oxidise the nitric oxide passing through the 
jtower^to nitrogeij jiefoxide, which in contact with water under suitable 
.conditions forms nitric acid. 

* A 30 inch diametjr Sirocco fan, driven by a 10 h.p. motor, causes 
a blast of air tb be driven through a i)otterjf injector. The suction pif)^ 
also of pottesy, communicates with the gas outlet fronf No. 8 tow#r! 
By this means a vacuum of 6 inches on the water gauge is jiroduCed 
on No. 8 tower. This falls away to 2 inches on No. i to*va-, and to 
I to^i jnch at the retort head. The ejector is pcrf<?ctly simple, and 
causes no trouble.. The fan delivers at a jircssure of (> inches w&ter 
gauge at the rate of 40 cubic feet per second through a 9 inch pipe. 

* Nitre .cake disposal.—This extends the bill length wt-the house. 

The floor is built of acid-proof bricks laid on a concrete bed, the,4oints 
being run with molten sulphur. This floor is easily cleant:d, and is very 
resistant to acid. Each retort is provided with an iron ciiute g feet 
long X 10 foot wide x i foot deep, the top end of whicli rests in the 
recess of the retort wall, around the ta])i)ing hole, and the lower fnd 
fits“11nlo a w'ooden extension chute of similar dimensions,,except that 
it is about 12 feet long. A wooden trestle supports the whtic. The 
Jow'er end of the wooden chute rests over a lead-lined drain inches 
deep X 18 inches wide. This launder runs the w'hole length ^if tlip 
retort house. Each retort is provided with a 2 inch water valve, sittiatp 
^t the junction of the water and wooden chute. This conveys a copious 
Sj^ply of water io dissoK'e the nitre cake down the wooden chute 
Ind into the gutter, w'hence it ultimately runs into the sea. This 
process was soon abandoned, and all nitre cake wa? recovered,^n some 
cases in a granular form, eind in others in lump form. * 

A portion of the nitre cake is recovered in granuriar form by 
directing the molten jiitre cake along the chute to a point where it falls 
and is jnet by a powerful blast of compressed air^from a 2 inch horizontal 
Iron uipe, wfth a slit 4 inches long, adjustable in widtli»from Sb 

iachito ,V,ih of an inch. The molten nitre cake is immediately solidified 
anfi falls like fine* snow on the floor, roof and sides orf the blowing house, 
which is 40 feet .long x 15 feet wide x i2 feet high. The material 
i^^in fine granular foun, and finds a ready market. It is itsually put 
w in g^lon ca^ks. • The I'rescnt system of recovery is as Jfoljows •— 
pie iron chutes from four retorts eicli^ioftnect with another chutt^iffliB^at 
right anglffi. .Frd^ one end of this latter chute another projects d%wnward 
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td ♦Hfi point where the molten nitre cake, aften^faJling 13, inches, meets 
the air from the horizontal pipe at a’l angle,of a]iour 45°.«The four 
adjacent retort chutes iU'c similarly fitted. 'These two 4 ron chutes 
terminate at the entrance of the blowing shed, and each chftte is'provide^ 
with a blower to itself. The pressure of air at this 2 inch pipe is Se lb. 
per square inch, and a gauge is placed near by.* Wlren ^ic pressure- 
falls the cake is not properly granulated. Tlic li^sc.to#which the 
granulated cake is blown is built up of old galvanisea sheeting, thb^floor 
being laid with acid-proof bricks laid in cement and jointed* with aspljal't. 

, Another method of preparing the nitre cake in granular form consists 
in running it from the ndort into a circular iron .pan in whi(ii blades or _ 
ploughs attached to radial arms are revolving (Figs. 5 and 6[. /fhe' 
constant agitation prevents the nitre cake setting as a whole, and by 
constantly presenting new surfaces to the air a rapid cooling effect is; 
brought about leading to +hc formation of granules, and these in turn 
by grinding n])on one another eventually suffer reduction to powder. 

I nere is a discharging door at one side of the pan and the ploughs are 
placed at .such an angle that when the door is opent:d ihc })owdered 
nitre cake is graf'ually disci lavged fr(jm tlu; })an. 

The wlude of the North hous(‘ at Gretna is provided'with ordinary , 
pans, four to each retort, size 12 feel X 5 feet x 8 inches. These pans 
rest on brickwork, and are raised some 3 feet from the ground. A railway • 
track ])assp« along the line of pans the full length of the house. The 
charge of molten cake is run evenly into the four pans allowed to solidif/, 
and then broken up with a hiunmer ami thrown into the wagon alongside. 

The o.nly differences worthy of mention from the description of the 
South house tapping floor (where the granulation juocess is used),are 
as follows:— 

(1) Fl(*or constructed of concrete, which does not rc'si;;! the' 
action of acid as well as the acid-proof bricks. 

(2) A half-rounded iM)ttery drain takes the plac(^ of the, 
leaden larmder in the South house. 

Water supply. —This is simihuly arnuigcd in both houses. A 4 inch 
main in each house, fitted with a main stop valve, supplies water, to 
the Hart conchnsers. The outer 4 inch m:un with stoj) valve supplies 
water to the tapping chutes. This main comjiletes a circuit right romid 
the house, branches being taken off at intervals for the following purposes ; 

(1) For tapping retorts. 

(2) For I inch hose pipe connections. 

(3) h'or cooling worms for strong receivers, &c. 

With a view to effecting economies in the water consumption o 1 the 
plant, large galvanised tanks were placed on girders about 15 feet from 
the ground in bpth houses. These tanks receive waste water from the 
acid mixer coils, which previously ran to waste. Each tank holds 
^,\)00 Falljins water. The outlet pipe from the tank connects th:i 2 inch 
mtriir supplying the water for t&pping the. retorts, and by. means of a 
ball valve mrmigement (similar to ordinary cistern), a plentiful supply 
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> Asbestos powder 
Asbestot fibre 
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Boiled tnseed oil 
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socket, and the joint finisJuKl off by pointing 
.:VJh sdftdte packing. Where the socket is deep enough two rings of 
asbestos cord are put m with a layer of grease p?n-king betwereadf ' 

fuck cSd Wh*ift7^-H to liammer in 

iicK cord with the idea of gettnig a lielder joint lni+ +i,;r. <-1.—i,i i. 
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UMg** of suliihTiric acid.—In each reTOrt tifo tons of nitre arfe 
distilled wit^j approximately two tons o1 92 per cdnt. sijlphuric acid. 
The following are actual figures :— ' ' • ' 

2 tons nitre at 98 per cent. = i-gfi tons of pure salt. 

2 tons of sulphuric acid at 92 per cent.:— 

I inch dip in tank = 0-059 ton. 

34-5 inch used = 34-5 x 0-059 = 2*035 tms at 92 per cent. 
1-872 tons of H2SO4. 


Ratio of sulphuric acid to nitrate in terms of pure chemicals 
— _ 0-956 

~ NaNOj ~ 1-960 ~ i-ooo‘ 


Firing the retort and gas consomption.—The above materials are ^ut 
into the retorts, the lid is luted down with cement, and the gas fire 
lighted. The damper is adjusted at the back of the flue, and the air 
ports in the front, to give complete combustion of the fuel. The 
following arc average analyses of the producer and waste flue gases :• - 

I^roducer gas. Waste flue gaj. 


CO2 - 
CO - 
H. - 

CH4 - 

N, - 


Per cent. 

4-0 

CO2 


Per cait. 
8-1 

28-0 

Oe- 

- 

9-9 

ii-i 

N,- 

- 

82 - 0, 

i -4 

55-5 



100-« 


100-0 


In order to find out the exact gas consumi)tion, a rotaiy meter was 
fixed on to retort 33. Experiments were made under varying conditions 
to find out exactly what the coal consum])tion was. The average figure 
Recorded was 30,000 cubic feet reduced to normal temperature. This 
is for a charge of 2 tons nitre, which gives 1-43 tons of HNO3. 

I ton of coal gives 130,000 cubic feet of gas, 

I charge {i.e. 1-43 tons) uses 30,000 cubic leet of gas, 

.•. 1 ton uses 20.000 cubic feet of gas, 
dr equal to 0-154 of fuel per ton of HNO3. 

Distillation.—When a retort is tapped, the charging lid is removed 
and the retort dipped to make sure it is tapp'-d clean. It is a rule on 
^he plant that the tapping hole must be jflugged before the nitre i- 
charged; tins is done to avoid the possibility of the acid bejng rftn in 
before plugging. 

The nitre charge of 2 tons is weighed in four bogies, 10 cwts. each, 
and is delivered into the retort by means of a portable chute. Aftci 
, tipj)ing, the bogies are swept clean, and any nitre spilt is swept up arM 
added to the retort. The charging chute is now removed. Ihe seat f< 1 
the lid is. covered with clay,' the charging lid pat on and cemented (^{v 'i 
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‘ordfnaiy cement.' In running*in the acid by the first nmthod the** 
centre plug isIdftftMit, byt* in* the second method the plug is luted down 
with clay and cement.* / • * * 

Mean\idiile the charge of sulptnicic acid, consisting of 2-05 tons 
01 92 per cent, acid, or 2 • 01 tons 93 per cent, acid, is measured into the 
feed ^k. There are»tv{o njethods of running in the acid. In«the 
first method # temp(?rary connection is made from the tank to the retort, 
usipg a #hort* pi 5 ce rf)l*iron pipe, which dips into the acid charging hole 
in the‘lid. In, the second method a permanent connection from the 
tank *10 the refbrt is used, which is independent of the charging lid. 

A cast-iron {pe-piece il bolted to the retort cover, and is connected k) 
the pipe fronp the tank I)y a 2 inch iron pipe with a U-bend to minimise 
the efiecl^ of a«blow baiek whilst charging. The tee-piece on the retort 
is‘necessary, becau^ the acid inlet must be cleaned after practically • 
eyery oliarge. * 

After the acid has been added and the plug luted down, the firg 
is started, unless the retort be very hot, in which case it .is advisable 
to wait a short ‘time. Sufficient fire will be put on to make distillatioiT 
t:ommance in about one lujur. If the retort be cold, a muclv longer 
time will be rcqyired, viz., up to three or four hours. • 

^ For ordinary running, a 14 to 16 hour cycle is the most usual, with 
a distillation time of 12 to 14 hours. As soon as a retort is warm, a 
few bro^5{n fumes appear in the condenser tubes. A clear indication 
of .the commencement of distillation is given by a rapid ri.se in the 
uptake temperature to 90° C. When the pot temperature has reached 
9o‘’oiio'’ C., the temperature will steadily rise for the next two or 
two and a half hours, with a regular evolution of nitric acid^ va[)ours. 
As s^^ij^astthe “ pot reaches a temperature of 115'-120“ C. the reaction 
betweejj the sodium nitrate and tlie sulphuric acid becomes violent. 
The |.fes.sure in the retort rises, and the manometer on the retort head 
•gives indication of this. At this time it is usual t(j put out t^e fire 
while this violent reaction is in progress to avoid damage to tin? pottery. 
Tliis reaction lasts from 5 20 minutes, dejjending largely on the* rate* 
at which the pot temperature has been raised. This period is ve*ry» 
clearly showTi in the condensers. Before it occurs the retort distils 
re^^arly and the g^es in the condensers are brown, but during this 
period tluw ^apours in the condensers are colourless, or almost so. As 
scjwn as this violent stage of reaction is over the tubes quickly become 
colourless again, and the fire is re-started. 

• During the height of the reaction the pressure in the cascade is 
shawn as 3-4 inch water ptbssure by the manometer. Whenever the 
m^ometer shyws less than i inch pressiue it 1 s,safe* 4 o Jight the fiie. 
For' th«,ncxt fopr br five hours the rate of distillation drops off and tlie 
uptake^ temperature will drop somewhat, from 135° to 130° C., and the 
fire must be shghtly increased. • 

From Tiftw oiiw^ds the specific gravit}* of the liquid distilling is 
‘takgn evjry hour by the ” reaction man.’’ When the speciffc gravity, 
oi the distillate faUe 10*1-465 the* ^qid .made is run to the wfeak»acid’ 
ifeceivers; up to|_^this p6int it has been-running into the strong receivers. 
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The distillation is now steadily continued until, the specific gravity ol 
the distillate reaches 1*340; then the fire Is extinguished, and the retort 
is ready for 'tapping. A retort is noi. actually ready at but there 

is sufficient heat in the charge to firish the distillation while preparations 
are made for tapping. The end point is also shown in the condensers, 
bec-'.use very little distillate is coming over. The uptake temperature 
drops considerably towards the end. 

ffie term “ cycle ” means the time which' clajfees’ between the 
c'uarging and emptying of a retort. " Dead time ” means the length 
of time between the pot being empty and again chaiged. The cycle 
a’med for here is one of from 14-15 hours, wllich generally means a 
distillation period of 10 11 hours. “ Blows ” are very uncommon with 
th(^ above times. With a lower cycle, say, io~n hours, in addition 
to breakage of jiottery, there is an increased decomj.»osition of the nitrate 
acid in‘'llie retort, which has been jirovcd by the analysis of.dhe gasps 
ill the fume main. Gene’'ally speaking, (]uick cycles do not pay. LongiT 
cycles than 14-15 hours arc not desireil, as coal consumption goes up, 
and a larger quantity of nitrous acid is found in the distillate. 

Tapping.—The tapping of the retort has already been ddscribed; 
Great care is necessary to see that the tapjiing hole is kept clean 

Whei. a retort is tajqied two samples are taken of about 7 lb. weight'. 
These are sent to the laboratory, and an analysis niaiU' for sulphuric 
content and nitric acid content. An average figure is as follow.;: - 
28 2() per cent, total acidity as iljSO^. 
o-c() ’ler cent. UNO;,. 

The acidity of the sample depends somewhat on the stage of tapping, 
and samples taken at intervals during a tajiping gave th * following 
results: - 

Tap 1 -32-3 per cent, sulphuric acid 'j 

1 Tap 2—27*() ,, ,, ,, |r Average 28• 8 per cent. , 

, lap 3-—27*0 ,, ,, „ 

Tap 4—27*8 „ „ J 

Condensation.—During the process of distillation, the bulk of the 
acid is condensed in tlie first two headers of Hart tubes. A small 
.quantit3' condenses in the third set of tubes, and this usually coiitains 
upwards of 5 jier cent, nitrous acid. Uncondensed gases jiass to,the 
fufne main and to the absorption towers, h'or efficient condensation 
there nrn^l fie provided both a large cooling surface and free passage? 
for the'f/ases without restriction of any land, <,\therwise the gases will 
pass througih and fescape condensation in the one case, or a “ choke ” 
will develop kf fhe other. » . ‘ 

It is necessary for proper working to have a good vacuum OF. the 
plant. If a retort is fiot in use the damper is put in the fume'pipe so 
as to a^’oid aijy unnecessary air getting into the 'system. It is found 
that, for efficient condensation, a quaiitity of 1,500 gallons^ of water 
'should be passed over the condgifsers. This represents a consumption 
of i,o5o gallons per ton of nitric acid produced. ,Careful experiments 
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Iiayp been carried oul to»see how rtuch nitric acJ 3 is lost from condensdr 
joints. IVepty distillationi w<>fe carried out in one retoet. At, the 
end of the 4 :wenlldth^ the water v\^s only \’ery slightly arid. The water 
was collected from each rtnfliing, and up to the tenth, no acidity Mias 
*hown. • ' 

Absorption.—Cold WJ^cr is fed into No. 8 tower (the one nearest 
the exhaust)? and tiie J inch crarks on the beehive so adjusted as Jo give 
a j)rogiessive mov«mcnt of acid through the system. Acid of 4 )ctwgcn 
6a ari& 65 |ier«rent. strength is run off at No. i tower through a still- 
wat^lier, oi^ vvfiicli a hydrometer is placed, so that the strength of the 
acid produced may Im; readih' ol)served. The acid run off from fhe 
towers is cojT\'(!yed to llte storage by means of a 2 inch pipe. 

Analysis of acid? made.- When a receiver is filled with acid, eitller* 
fveakrf)* strong, a .samjde i.s taken and submitted for analySis. The 
analysis is r('tvirm!d sh«wing nitric and nitrous confcjits and sj)ecilic 
gravity. Before samj)ling strong acid, compressed air, agitation i.s» 
luhieci on so a 5 to get an average sample. The average strength of tk*e 
strong^ acid is*in the neighbourhood of ()2'5 per cent., witjj ^nitrous 
acid content of 0-5 ])er cent. The weak acid is of average strength, 
f)5- 68 pef cent* UNO.,, the nitrous content being almost Thg acid 
recovered from the*towers is usually 50 ()0 per cent. HNO3, and the 
nitrous content o-i jht cent. 

• Capacity of plant. -Assuming 12 hours <is the hjwest cycle consi^ent 
with ('fficient comh'usation and tew breakages, the yi(»ld is I’^o tons of 
UNO;, from a charge* iji T2 hours. Allowing tw'o hours dcacb time, the’ 
l)alqji(;e of the worl Ing day of 24 hours will give i-i6 tons of nitric 
acid. ^ * • 

•i-J plus I - j 6 — 2*56 tons HNO3 jjcr retort per 24 hours. 

ICach house contains 24 units, two of which are geHcrally j;11ow(hJ 
)ff for repairs. ‘ • 

Total yield of acid (24 - 2) X 2 X 2-56 -r 115 tons UNO* 
[)er day. • 

^ Temperature charts. - J’-X])eriments were made using platinum resist- 
iljci* pyrometers afid a Cambridge Scientific Instrument Company’s 
recoi(Un{?»i«achin('. One of the pyrometers was encased in *n iron 
rtflx' and jnit in.sidc the retort right down to the bottom. • 

No. 2 was put in the uptake of the retort, where the thermometer 
* usually put. 

^ No. 3 was put at* the llkck of the retort, wdier# the gas flues enter 

downlak«% Orr reference to the accompanying Xiiftft (Fig. 7)^ it 
vill be .seen that \he grajihs correspond fairly w'cll with the description 
n- t^e.text. * • 

In the (ase of tjie uptake, when distillation starts* the line is almost 
Derpendicul/r. The diii on the line at two* o’clock rejlrescnts reaction 
;inft, wlfen the fire is lowered, and. <>8 the distillation proceeds to a finish 
(he temperature in fh^ uptake falls*. - * 
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The temperature inside the pot’ fteadily inci 4 ases from the start, 
and-does hot fall till the pot is empty of ks nitre cal^.* '•It should be 
noticed that vthcn the fire is put out the teiripfratuee continues to rise. 

Working results.—Below is an. extract from the working report for 
February, 1918, which shows in detail the working results. The 
efficiency of the plant lies between 96 and 97 per cent.; the quantity of 
HgSO^ used per ton IlNOj produced is about tons; ajid the 
quantity of NaNOg used per ton HNO3 produced is'abouf i''39 tops. 

The following is an average percentage return :— > 

Recovered as strong acid - - - - 87-2 percent. 

strength — 92-5 perrcent. HNO3. 
Recovered as weak acid (ex towers) - ‘ - - fo-4 per cent. 

strength =63*5 jifer cent. HNO3. 
Recovered as tower acid, weak - - - - 2-4 per cent. 

strength == 56-5 per cent. 'HNOjj. 

Nitric acid retorts 
(North and South Houses.) 

Monthly'rePorl~rive iceeks ended 7.30 a.m. 2nd March 1918. 

All weights in tons of 2,240 lb. ■ 

Total number of retorts charged— 

138J wet nitre; 1,359! dry nitre —1,498. 

Total number of retorts tapped —1,505. 

' Charged. 

Sodium nitrate. 'I'ons. Per cent. Tons. 

Amount wet 276-5 NaNO, 96-6 - 197• 97 HNO,'" 

Amount dry 2,719-5 NaN03 98-41— 1,983-58 HNO3 • 
Sulph’iric acid-. 

Amount - 3,095-52 HjSOj 92-0 — 2,849-44 HjSO^ 

, Coal used in 

.. ' producers - 401-54 

Nitric acid produced. 

Tons TNA.* Tors TNA. 

Amount strong 1,986-07 as HNO, 92-4 -= 1,835-62 as^F.NOg 
^ Amount weak 380-19 as HNO3 63-75— 242-38 as’lINOa 

’ Ex towers - 106-67 as HNO3 59-7 = 63-67 as HNOj 

2,472-93 . ^.141-67 

N-itric acid. ' Lost. 

Total TNA as HNO3 charged to plant as NaNO, 2,181 -.55 tons. 

Total TNA as HNO, recovered - - - ’ 2,141-57 tons;- 

Unaccounted fqr at mixers - - , 20-71 tons. 

Total amount lost - 60-59 .tons. 

__ * ‘ _' (2-78 per Cent.) 


* Total nitrogen adds. 
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REJOlfcr PRACTICE 
PhyitU-xil Data. 

Time of di stillation—li viours 43 minutes. 

Time of cycle --14 hbuj^^S mkmtes. 

liitre cake.* 

Bercentage free I^SOj—28-43 per rent, by analysis: 3i-45» per 
cent, by calc^lati&n* 

Fuel. ^ * * 

Coal used per ton of acid recovered - - o-16 ton. 

Coed used per ton of HNO., ... 0-19 ton. 

Nitric acid. • 

ytverage strength ot acid recovered - - 86-6 per cent.- 

Tons produced per ri'tort - - - -1*6 tons, 

l^rcentage reco\ erecl as strong acid - - 85-7 per cent. 

Percentage recovered as weak acid - - 11-3 per cent. 

Percentage.of weak acid recovered in (oweis - 3-0 jier cent.^ 

Total reco’^ery - - . - . 97 • 22 per cent". 

• * ‘ 

Fnnn,page- ti) to pag(^ 37 tin; resLdts arc recorded (d .some of me 
‘investigations and tjuds wliicli were cariied out in orticr To ascertain 
tlu; b<^st wa\’ of running tJic- plant with regard to ell'iciency and economy, 
riiese im'estigations were of the gi('ates1 assistance to the staff and 
led to the hlgli elliciency which was ultimately attained on all the phyits. 
They indicate the maniKir in which technical operations and ])rubrcms 
iduibkl be attacked and studied. « 


S'lANDARDIS.yriON OE RETORTS 

Jixperimetits carried out at 11 .M. J'ucfory, Queen's luirry, using 
.Silica Condensers) ' ; 

, -jject of experiments.- -'rhesc oxi)eriinents were carried out wjth a 
view to determining the most suitable method of working the retortit' 
in order to produce a maximum aim.mil of strong acid luid a minimum' 
of weak using as small a quantity of fuel as possible, and at the same 
tim^ working oft tin* retort in a time as short as is consistent with these 
conditions* , , 


•* Arrangement of retort. -The. retort was lilted up so that the acid 
^gpld be run into carboys. One bnuich of the jiijie was comi-cted with 
a lead cooling coil immerse;! in watcT. This cooled the, acid so well 
tl^ it was at the teifl])erature of the cooling watei’‘\Ojen it came out, 
aiscl consequeiutly fu’ined very litth-. The otliei \t?as coiwiPcted with’ An 
acid nfiT, lo.feet long, made of .small pottery pijies, am! the acid llowing 
through this was ci’oled by water llowing on to tlie pijie. This did not 
cool veiy eflicienily, but the acid came out cool enough not to crack 
••the carbt^-’ /nd without, undue lume. When the acid becamv wefik it 
was'turiK'd into this r*m thus s;«ing tin- lead coil. Otherwise, the’ 
^rangement «f the ibtorl was tjie samb -Jk in ordinary working. 


IT 1&0U2 
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. Methou of working. —The carboys were .ciiangeo regular intervals 
of time, or, hi some cases, when they W’erp iillMe They were weighed 
empty, and with the acid, and a sample of the acid of each carboy was 
taken. The temperature in the uptake from the retort was taken 
ever;' quarter of an hour, or more often in special circumstances;- The 
pressure in the uptake was also taken eve^ qua*ter of. an hour by 
means of a water manometer. A nitric acid trap, in the shape of a 
bottle, was put between the ujitake and the manometer, so that any 
nitric acid coming through condensed here, and the water in the mano¬ 
meter remained pure and consequently of the same specific gravity. 
In three of thi.^ five experiments resistance })y'-ometers were put inside 
the retort and in the water-gas flue. The former was protected- by a 
silica tube and a wrapping of asbestos soaked in silicate of soda while 
the leads to the top of the retort w'crc encased in an iron tube, Tlie 
temperatures given by the i)yronicters were recorded on a continuously 
recording instrument. All alterations in the height of the fire, &c. 
v'ere carefully noted. 

All the retorts were gas-fired. 

Results of Five Trials. 

No. I. -In this trial the retort was \ ery cool to begin with, 
and hence took more fhiui the usual time to heat up., A good 
fire was put on, and it took two hours to start to make acid. The 
fire was left unchanged, and a steady stream of acid continued 
to come tiirougli until three hours after it began to make. < At 
this time the manometer, which had bi-en indicating about ^ inch 
. of suction, went down until it started to register jinissure. « The 
lire was turned out, and the top d.nnpers put up. The ,uositive 
pretisure rose to about ti inches and continued for abouthour, 
but (.lining this time no readuigs of temperature could be taken 
because the tlK,-rmometer had been cracked at the beginning ,of 
the blow. When the manometer agiiin indicated suction the 
lire was lightcfd and turned uj) at intervals until two hours after 
tla blow was over it w'as again a good fire and continued at this 
height until the end of the. ilistillation. One hour and lo minuses 
.before ta])])ing. the manometer oscillated violently „for about 
10 minutes. 

..No. 2.—In this case the retort was much warmer to begm 
with, and it stai ted to make acid i hour 25 minutes after thi 
lire had been lighted. A slight positive .pressure developed at 
the same +ime as it started to make acid, the fire was turned I(aV, 
but after'about 10 minutes’ suction was agaifx registereij.on'the 
manometer, and a moderate fire was put oq. Twe and a.hall 
hours after the distillation commenced a positive pressure bf' ovei 
2 inches developed,* and the fume began to blow oijt at the lid. 
The fire was put out and the fire-doin' and top dandi]peBS pu^ up, 
JPhe blow lasted J hour. Alter it had ceased a tire wals lighte;!, 
and this was soon raised until'^there was a'good fire'on. One an^ 
a half hours after the blow had ceased, a pqsitivfe pressure again 
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developed, ljut lastted only*a few minutes. The fire ^^as turned 
low while it lasted. ^ Mter another one and a half Hburs, another 
short blow occun'ed. "When this was 9ver the fire was turned if^ 
until the retort was tapped. 

No. 3.—^'I'liis was taken slowly with smaller fires than in 
ihe othei' ’cases. The ’period between the lighting of the fire 
and the beginning of distillation was 2 hours 45 minutes *Tlus 
fire was moderate, and when distillation commenced it was checks, 
and a lo.v fire kept until the blow .started 3 hours 20 minutes 
after It began io make. The blow was a \’ery slight and short 
one. *A.ftej- it a small fire was put on and raised to mf)derate 
heat only near tlx; end. As in No. i there was violent oscillation 
of*the manometer near the end of the distillation. 

. , No. 4.—This was run through quickly to contrast *it with 
No. 3. 'nic Kdort was hotter to begin with than in previous 
cases. The distillation beg:ui one hour after the fire was lit,^ 
and it began to blow 2 hours 50 minutes after distillation started^* 
A good nrc was kept under the nitort whene\ er possjblti. The 
blow was violent and lasted about 40 minutes. The water was 
blown ri^it out of the. mmiometer. Near tlie end of ^lie distilla- 
tkm oscillatioft of the manometer was observed as in Nos. i 
and 3. 

No. 5.- -This one was run through fairly slowly. Distillation 
began after 1 hour 55 minutes. In this casi- there was no bk>w 
until 5 hours after it began to make, and tin* blew was very 
short and sharp, lasting only a few minut(?s and ih^veloping over 
() inches of pn ssure. After this the distillation went on steadily, 
fine hour before the fire was put out slight oscillation of the 
manometer w'as obseived. 'I'he lire was put out half an hour 
before tajjping. I> 

• Temperature in the uptake.—The thennometer in the uptake give^ the 
first indication of when the retort begins to inak(‘. The ttanpia atiue 
rises in a few minutes probably 30" or 40" C. It will Ix' seen by consulthig 
Fig. 8 that distillation commences at different temperatures, viuying, 
intllfese experiments,* from 82° to iof)“ (). 

But tfje. temperature at which the gas distils otf from the nsixture 
of*Sulphifric acid and nitre must be nearly the same in all cases, so one 
is led to the conclusion that the temperature of the gases in ttie uptake 
iTTontrolled very largely by the temperature of the ujtper parts of the 
rctgrts. I'lius in tlistilktioh No. i, although it had as good a fire under 
it in any o^ier distillation, the curve on tlui fjrapK^^jg. 8) m the 
earlier parts of the’distillation is well below the cur\'es of Nos. 2 and 4. 
Thw’^s, , no doubt, due to the fact that the retort and brickw'ork were 
quite cold to begin with, and the upper parts of the retort would take 
,?i long time to heat*up. The contrast betwtjen Nos. 2,-’4 and 3 - 5 is 
particularly strong. 2 and 4, started with a good fire, and here 

tlie gas came over at .temperature wc}! avur 100° C., wdiile in Nos'j and 5 
a/ter distillation.had commenced a small fire was used and the gas came 
over for a coftpic of hours at'under 100" C. ■ ' 
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, In om respect the 

P^ve”the^r^rrfo?a^o^period Ixtweef,. Aach irial SO that 
down more than under oixlinary" condt lions, although It WQS Kepi §s 
warm as possible by having all the doors closed. Nos. 3 and ^ were 
worked off without this rest between tliem, so tIiat,,iVo. 4 will rpemble 
more*nearly ordinary working {-onditions in this re^iJect,th^ the*others. 
With ordinary conditions the upper parts of the retort and brickwprk 
would be warmer, and the gas would be at a higher;temperature to ‘ 
bfgin with tlian is shown in the curves. It will be seen from the curves 
that the thermometer gives no indication of tlie proximity of a blow 
though tlie temi)erature drops while the blow is‘in progress." The general 
tendency is shown in the next graph (Fig. y), which gives h curve snowing 
the maan of tlie five trials. The temperature rises fairly rapidly 
during the first two liours or inon;, then drops suddenly at the \>]owing 
•period, subsequently rising slowly and steadily until near the end of 
'the reaction, when it rises very rapidly. This last rapid rise is ,not 
shown in Fig. q, but is clearly .seen in eacli trial in Fig. 8. 


The conclusion is that the thermometer m the uptake is of little 
use as an indication of the rate of distillation of the acid or as a warning 
of the proximity of a blow, and this is borne out by previous experience 
on the retorts. Its chief uses are to indicate the beginning of the 
distillation of the acid, and as a control on the tem])erature of the 
distilling gases so that these do not reach too high a tc^mjxTature. 'The 
aim should be to keep the tern})eratnrc as low as is consistent with the 
proper rate ol distillation, so that as little of the acid is decomiloscd 
by the hot sidc^s and toj) of the retort as possible. Starting with the 
retort always at the same teinjHTature, the thermometer xVOtvld be a 
good guide to the distillation, but, under ordiuar}' conditions,- to, work 
alwaj/s at the same temperature would be impossible, and an attempt 
to dci .so would lead to different rates of distillation, * 


I 


' Pressure in the uptake.— I'lie pressure as mdicated on the mano¬ 
meter was under ordinary conditions negative, that is, there was a 
suction in the u})take. This varied with the pull on the fume niain, 
which itsedf varied considerably, according to whether there were .’any 
retort's oj)en at the lid. The result was that the manometer readings 
when negative, had little significance except to indicate that the' 'far 
was operating properly, iukI that there was no blockage anywhCTe 
When the retort begins to make rapidly, at tlie blowing period'the 
pull on the manometer gets less and less until a positive pressi^ ii 
rfegistered. "The maliometer gives the first indicatipn cf the proximitj 
of the blow, and it is here that its value lies, it also indicated clearlj 
when the blow i^s over and it is sale to light the fire again, and .this i 
of special value, as it is here that time is frequently lost. Without th( 
manometer there is no guide to the violencg ol the blbw except th' 
w:i^ in which the fume is blowncout of the lid and other places,*whil 
with ft the jiressure developed is sten at once and th6 necessary precaution 
caiiibe taken without any unnecessary ^cooling of the retort by openkij 
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• •. 

’ dairiper, a proce^ing whichas necessary only in severe J^lows, but 
which is frecfbfefly foUgwetf as a matter of safety in llie ^bsence of an 
indication of the probhble iri^ence*of the blow. 

r 

^ • • 

]|ake ot acid doi^ distillation.—These ex})criiuenls ha\'e shown very 
clearly that it ic impossible, economically to have the make of*acid 
even a{)proxftnately c^qual all through the distillation. The cur^’es in 
Fijg. io»sho'^ how* in all the trials the rate of making acid varies a 
great Heal, whije Fig. 9 shows how it falls off as the reaction proceeds. 
The^etort l^egms to make rapidly and this rate is maintained tor about 
2j hours, during whicdi time very little heat need bi^ supplied. At this 
;time the malPe usually drops a little, then suddenly increases enormously, 
and this suddfen increase constitutes the blow. This phenomenon ^of 
very rapid making of acid at a period about three hours after distillation • 
€omnlfci1tes always jaccurs. If the retort has been pushed xt occurs 
earljer than if it has neft. In some cases (e.^. trial No. 5) it is delayed^ 
until much latpr than usual. This usually occurs when»only a smaP* 
lire is put on egirly in the distillation and when the retort is very carefully 
watclMMl so that on any sign of blowing the fire is checked ciovfiii. The 
blow is, then usually of very short duration and rather violent. .The 
followiiig "table shows the time between beginning of distillation and 
time of blowing and tpe quantity of acid condensed iqj to the time of 


blowing*— 

• Lb. 

Trial No. J —3'hours - - - 770 

Trial No. 2—2 hours 30 minutes - - 8s2 

1 rial No. -3 hours 20 minutes - - 880 

’^'rial jWo. 4 2 hours 50 minutes - - 839 

A'o. 5 -5 hours - - - - 1,1 .^9 


It will be seen that, except in a case t)f No. 5, the amounts of acid 
(tmdensed arc not very different in the diJferent trials. The qurves 
in Fig. II show that no sudden rise in temperature occurs in the conteaits 
of the retort at the blowing period. It the retort has been strongly 
heated during the ])rccedmg hours the blow Ls of a violent character, 
to cof)l down the retort it is necessary to oixen all the exjxlosion 
d<K)rs. EV«n then a great deal of fume is bk)wn out of the lid*or else¬ 
where vWth the attending loss of acid and other undesirable consequences. 
Aft er the blow is over, the rnttke of acid falls off even when ^ good lire 
Ts^ut on. To keep it up to its fonner height a very high lire would be 
iiMessary. and this vWxuld dften result in a second* blow. By keeping 
a^ood but n<^ very high fire under the retort tlio rest''^. tJic distillation 
is usually steady. * After falling off, the make again becomes fairly even, 
rnlHJ two dr three* hours later it again begins to fall off slowly and 
continues to do so to the end of the distillation. If will be seen that 
..at the end of the cuWes of Nos. 2, 4 and 5 ir#Fig. 10 there is an increase 
in Hiakeiindicated. If |he curves ivf.rc continued they would*fall again 
sharply, but Jke la^t qarboy was left under the retort until all* 4 h^ acid 
*6ad drained ou^, so that no ligtire could be obtained for it. * 

* - A 
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Belative quantities of strong and we^ adds. —results of the experi¬ 
ments cleally show the benefit to the, relative quantifies qf Strong and 
weak acid of workhig slowly. f- , ' , 

• The following table shows the percentages of strong and weak acid, 
the ratio strong acid to weak acid (each reckoned as HNO3) 
ratioeslrong acid to weak plus HNO3 left in nitre cake. The percentages 
are reckoned on the total available HNO3, taking-the I^aNOs.in the 


Trial 

lumber. 

strong acid. 

Weak acid. 

1 

Strong 

1 Strmg 

Weak. 

• 

• Weak+N.* 

« 


Per cent. 

Per cent. 

1 1 
i * 

• 

1 • 

90-2 

1-9 

47-5 

39 ••"'i 

2 

86-7 

6-4 


I 3 -I 

.3 

86-3 

2-9 

29-8 

18-4 . 

4 

' 8o-8 

«-3 

9-7 

8-3 

5 

86-4 

1 

4-1 

21-1 

13-9 


N HNO, in nitre cake. 


In each case the strong acid is 92-8 per cent, strength. 

It will be seen that No. i is the best. The sulphuric acid used in 
this case was 89’o per cent. In sevei'al resjiects No. i trial differed 
froip the others; although it had a good fire under it nearly idl the time, 
the blovv was oaV a mild one, the percentage yield of acid was high 
and the ratio strong : weak very good. ' 

In the case of the other two which were driven fast, this ratio was 
distinctly not as good as in the case of the two driven slowly, 'a-.t may be 
seen liy cornparhig Nos. 2 and 4 with 3 and 5. it is probable tha,t tho 
fact oj the retort and brickwork being so cold to begin with in No. i 
is largely rc.sponsible for its unique beliaviour, as this would prevent*^ 
overheating of the sides of the retort. Compai'ing Nos. 3 and 4 the 
'difference is particularly striking. These two were run especially for 
the purpose of cornparhig the strong and weak yields in the two cases 
of a retort run moderately slowly, and a retort pushed quickly. It so 
happened that the sulphuric acid used for No. 3 was'only 87'8 per coift., 
whilst ‘for No. 4 th(' strength was 91-2 per cent. This fliakes the 
compari.son especially striking. I'hc variation of the strength of the 
acid madc'with liie time is shown in the results given at the end of the 
report. 'I'he acifl at first is about 90 per cent., but rises quickly”fo 
98 per cent., then airtcr the first hour slowly falls Until two or three hours 
before the end et' the distillation, when it begins to fall rapidly. ^ 3 
Percentage recovery. —It will be seen that in every cgse this^as 
high. Taking inty account the HNOg in the acid, the'percentage rccG wry 
in the five trials was as follows :— 


,Pel cent. , Percent. 
8<i-7 . 91-2 

• 1 


IVr cent. 
‘92-9 


Per ceiit.‘ 
93-5 


•Per cent. 
89'6 
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these is 9i’2 pw cent., so thitf only 8-8 per cent. »i 
r • ^ ^yas lost •or absorbed in the absorpt-ion towers. 

Lt IS difficult to ffisderstipnd Vhy Xo.^ 3 should be the low^t of all when 
t was at the same tiifte th* iSie wnieft was taken most gently. ; 

Qnaatily ol gas bnnied.— The firing of *the retorts was carefully 
watched, am^ every alteration in the fire noted. The quantity cf gas 
ised was estijnatedf and this Estimate is given in the following table ;— 


• TMal 
number. 

• • 

^ Time gas | 

• was alight. j 

• 1 

I'otal gas t 

used. j 

Cubic feet 
per hour. | 

* 

Cwts. of 
coal. 

2 

► • 1 
10*2 ! 

2J,(X>0 

1 

1 

i 2,250 

4-6 

3 • . 

l5-(. * i 


i 1,200 

.f7 

4 

II o 

24,ot.w) 

' 2.200 

.4 7 

•5* 

i.r« 

• 



4-f' 


(r rwt. of coiil is 

cquivalenl to 5.000 nihic feet of 

§,as-) 


, H is seen* that, in tlie case of the retort which was workpd most 
slowly, the quantity of fuel used was the least although tiie gas. v'as 
^alight ftir'the longest time. In the case of No. 5, which jvas wprked 
as slowly as No. 3 first, llic gas w'as raised towards the end of the 
reaction with the result that it camt! off in less time, but used as much 
. gas as A^.^.,2 and 5. 

Temperature of the mixture in the retort.-—This was taken b^ a 
pjwometer as stated above. The results of trials Nos. 3, 4,.and 5 are, 
shown in Fig. .11. In Nos. 3 and 4 the pyrometer was placed about 
4 or*5ijfilies from the bottom of the retort, while in No. 5 it was liigher 
up. Fjorn the appearance of tlie cur\ e of No. 5 it seems probable that 
\he pyrometer was .sometinuis out of the cake and sometifnes in it. 
In No. 3 the distillation commenced when the pyrometer regfetered 
oply 73° C. and continued for a considerable time with the tcrnpeniture 
not much higher. It appears jirob.ible that in this case the mixt^^tf 
of nitre and acid was not uniformly heated all through, mid that thd 
distillation was taking place at the edges while the centre remained at 
aMlc^wer temperature. No. 4 probably gives a more accurate idea of 
thh tempar^ture. In all cases it is seen that towards thi; encl, of the 
reaction*the temperature in the retort rises very high. In No. 3.the 
quick jumping of the tcmj)erature coincides with the violenUoscillation 
a f ^l e manometer, each of which seem to be due to a nitre boil. Fig. t 2 
shqjvs that in the casg of trial No. 3 tlie temperaluj;e in the retort was 
Iqwer than the te^crature of the gases in the ^ptak^^uptil nearly at 
thi*end of the distillation. 

^^ITOBipanttire ol the waste gases from the fire. —Fig. 12 shows how these 
rise as the distillatiqp proceeds, an<l in this case they follow fairly closely 
«the rise of jQie temperature in the uptake. 'Fig. 13 gifes a ct)m])arison 
of the wuste gases in Trials 3. 4, <34id 5. It clearly sliows that jnor^ 

vohA* in A 7 /* ,1. urifli itc hicrK fiVe •han in Nns. a and " 
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. ConchiAioiis.— The conclusion arriv'od af from iLy Ul iC^Al L 3 A 3 

that in the first part of the distillatiw it is undoubtedly better to use 
a (imall fire. A good fire may be pul on until the retort begins to make, 
and it is then to be turned low alid not raised above a small fire until 
afteij the blow occurs. It has been shown that with a very small fire 
the retort makes acid rapidly at this period, and at, the same tfme the 
. blow,* when it occurs, is a very mild one, which docs, nqt necessitate 
opening all the explosion doors with the consequent \<aste of heaV. Tiiis 
fact of a good make of acid with small fire al the beginning is one'qf the 
m.ost striking of the results of the experiments.- If alargv^.fire is put 
on, the distillation is quicker though not greatly so, as maybe seen from 
Fig. 10. The extra heat seems to be mainly us(‘d in ovcrlicatiijg the 
sides and top of the retort (and hence the gases coming from the retort) 
in heatuig tlie brickwork and in waste heat going out of the flue. The 
result of heating up the brickwork so much is that when the blo'w'occurs 
the retort is still being licated strongly when the fire is put out, hence 
the blow is a violent one, and it is necessary to raise all the explosion 
doors to cool the retort, liven then a great deal of fume frequently 
blows out'of the retort. The raising of the exjfiosion doors is another' 
cause for loss of heat. 1'lic advantage* of faster distillation is far more 
than' counter-balanced by th(^ disadvantages and* loss caused by the' 
more violent blow and the greater quantity of gas used. Moreover, the 
retort re<|uires close watching. If a large fire is on, the blow will begin 
an(| de\elop very quickly, and to prevent hax ing very bad blows it is 
necessary to watch the retorts closely and consequently to emplov more 
labour than would be necessary with the other mode of working. ' ' 

After the blow is o\'er the make of acid usually decreases rapidly, 
conse.(|U('ntly it is neces.sary to watch the manometer and*Tiuve the 
fire lit or. raised, as the case may be, as soon as it indicates a iieg'dive 
pressyre again. 

I’rom now onwards the best jjrocedure to be followed is not so"’ 
.evident. By ke(‘j)ing the lire moderate until the. end, the yield of strong 
.add is increased at the ex])ense of the weak, but tin* time of distillation 
is increasfnl by sexeral hours. To maintain a constant make of acid 
all tluough, the lire W'oukl have to be raised very high towards the end, 
the amount of weak acid w'ould be increased enormously, and ufi’er 
tapping the. retort would be left very hot and it would rcqilire several 
hoilrs’cooling before it could be charged again. ICven then it is*doubtful 
whether the make could bt; ke]>t up to its tii-st value. At the same time 
the. temperature of the gases in the uptake would he very high, wTTh 
consequent high temperaturt! of the condensed acid and danger of 
cracking the«j>*t^'f cry ware, ;ilso the decomposition of the, acid would.be 
high; above all the (juantity of fuel used would be ver}’ great. • 'Fig. 14 
clearly indicates the difference in the fuel used in the. two Trials 3 atltl 4, 
and gives an idea' of the difference in diiving fast at the end and going 
fairly sloY'ly. ' 

• .Th? most suitable method of ivorking appears to be to'- raiso the 
fire a Kttle at a time at intervals of about il hours, aftjer the blowris 
oyer,.but never to have more than a moderate fire-on {1,500 cubic feet 
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should be fcp to this height at about (7 hours after 
distillation commences^ and kept there until i of an hourJjefore tap'pine 
when it should be turned ^ 5 ut. IJie retort sliould be tapped when the 
acid has a. gravity of i'3io at 15" C. It i# strongly recommended that 
specific gravity of th(‘ acid should be taken after it has been cooled down 
aiid not when hot. Turning over to the weak main should take place 
when the gravity of tlie acid is at 1 -^50 at 15' C. The strength of the 
acid shoulG then be 1)2-93 per cent., wliile the weak will i)c 6 o- 65 .pCT 
ccni- distillation should take about 15 hours. No. 3 took 16? hours 
but 24 h®iws of this Avas spent in heating tin* retort up at first owing to 
ds havmg "^cen so cold to begin with. I'lie time between lighting the 
fire nnd beginning to^make .shoiiJd certainly not be more than i hour, 
and will nearly always be veiy miieli h'ss except in eases where ^he 
retort ]jas had to be left for some time l>et\\(>en charges. Allgwing om! 
hour only for heating ^up, the time of No. ^ is rednci'd to 1*5 hours. 
Moreover the procedure recommended in\P)l\-es higher firing towards, 
tkc end tlnm was given to No. 3 , .so the time shoul.’i not bo mare 
than^thc 15 hours. No. 3 had o-y per cent. HNOa loft in the nftre 
cake and this is high, but with the slightly increased tkiifg recom- 
mendod Ihis should be reduced to 0-5 at most. l-urtluV than this it is 
not n'c.ommended ^hat the distillation should be carried, "as the weak ' 
acid obtained is not wc« th the increased time and fuel. The time necessary 
between distillation to allow the retort to cool down varies somewhat 
v«th till' almosphoric temperature, and is a mattijr of exjxTience. With 
the moderat(^ fire at the end recommended lien^ it» will probably be 
possible to charge tlw retort as soon as the lid has been removed and 
the iiime inside thi, retort escaped after tapjiing. 

• ^iculars of teals.- The following are particulars of the five trials. 

1 ho (^antity of nitre used was in each case i *50 tons. 'I'he buantity of 
5 ul]>huric acid used was in each case such that the ratio TH^SO.: jjaNO, 
was 1-03 : j - oo, or as near as could be estimated at the time. 

llie available HNOg was in each case c-,alculated on the assumptifJn 
LJiat there was 99 per cent. NaNOg in the nitnx ’ • 


Analysis of nitrate of soda (wet) :— 

.UgO - ‘ - - - 

Ifisol. - - . - 

NaoSO^ - - - - 

NaCl - - - - 

KC'IO., - - . .. 

NaNO., - * - * - 

listure*ip ctrj^ nitre 

^tnalysis of gas ^ 

CQg - . - 

CW) - . - 

H 2 - • - - • <1 

:h, - •.. • I 


Per cent. 
2-0 
o-oy 
0-48 

- o-«i 
0-04 

- ^ 

- 0*3 -o 
Per cen 

- 5 ’7 

- 22-8' 

- I4'2 

- 4*5 

- 32*8' 
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• B.Th.U. per cubic ibot 
Tempeiaturc of gas - 
Analysis of waste gases :— 
COa - 

O, - 


- 162-5 = 90 C.H.U. 
-> 45° C- ^ 1 
• Per cent. 


Vacuum in waste gas flue - - - 

7'm/ Ho. I. 

Total time (fire lit until retort tapped) 

Time heating up (fire lit until distillation 
commenced) - . . . 

Mean temperature in uptake 

Strength of sulphuric acid used 
, Strong nitric acid - - - - 

Tons strong nitric acid - - - 

Tons HNO3 - . . . 

Percentage on available HNO3 

Wegk nitric acid . - . _ 

Tons weak nitric acid - - - 

Tons HNO3 - - - . 

Percentage on available HNOg 

Nitre cake H2SO4 - - . - 

Tons nitre cake (calculated) 

Tons llNOj in cake - - . 

Percentage on available HNO3 - . 
Nitrous acid in nitric acid ;— 


0-1 inch of water** 

13 h.=)urs 16 minutes , 

2 hours 
116° C. 

8g-o per cent. 

92 -? .. - 

(o-6 percent. HNOg) 
itoyo 
0-993 

90-2 per cent. ' 

58-3 .. 

(trace HNOj) 

0-041 ’ ■ 

0-021 

t 

1- 9 per cent. • 

35-6 „ 

(0-2 per cent. HNO3) 

2- i8 
0-0044 

0-4 per cent. 


Tons UNO, 


l%ccntage on available HNOj 
Total acid obtained (excluding HNOj) 

Total acid obtained (including HNOj) 

Total acid accounted for - 
(H^JOj and HNOg in strong and weak nitric acid anjl dINO., in 
nitre cake.) 


0-0063 -- 0-0084 tons 
as UNO., 

0-8 per cent. 

92-1 

92- 9 

93 - 3 


Trial No. 2'. 

Total time (fire lighted until -retort tapped) 
Time heating i»p (fire lighted until distilla¬ 
tion comsil-nccd)' ■ - - ' - 

Gas used (estimated) . . . 

Equivalent to cwts. of coal 
No. of times gas turued out 
Total time g.is not hurtling - - - 

lyieau temperature of waste gases^ - 
Strength of sulphuric acid used • - 


II hours 35 minutes 

K 

I hour f!5 minutes. 
23,000 c’lbic fett" 

4 - 6 - 

3 . 

I hour 25 minutes 
..I22“C. ‘ 

87'’9 per rent. 
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Strong nitric ajud *- 

^ • 

Tons stronanrtnc dciu- • . - 

TonsHNOa . . 

Percentage on available HNO3 
Weak nitric,acid . ; , - ' 

• • • 

, Tons fre^ Aitric acid - 
• Tons^NOg - - . 

“Percentage on a^nilable HNO3 

Nitre oake - • - . 

• • 

Tons nitre cake (calculated) 

Tons HNO3 in*nitre cake - 
PAcentage on available HNO3 
Nitrous acid in nitric acid :— 

Tons HNOj 

I^ercentagc on available UNO, 

Tcftal acid obtained (excluding HNOg) 
Total acid obtained (including IlNCy 
Total acid accounfed for - 
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92 • 8 per cent. * 

(0-3 per 5 ent. UNOg) 

I•029 • 

0-955 

86-7 per cent. 

58-3 .. • 

(o-2 per cent. HNO3) 
0*120 , • 

0*070 * 

6*4 per cent. 

34-7 per c«Jht. 
(0*1 per cent. HNO3) 
2*21 

0*0022 , ’ 

0*2 per cent. 

. *.• 

0*0033^ 0*0044 tons 
as HNt)3 
0*4 per c(*nt.* 

93-T 
93-5 
93-7 


Ttial No. 3. 


Total time (fire lit until retort tajiped) 

Time heating up (lire lit until distillation 
commenced) - . . . 

(fti^dHed (estimated) . . . 

• Equivalent to, cwts. of coal 
N(). of times gas was turnc-d out 
Total time gas not burning - - - 

Mean temperature of waste gases - 
Mean temperature in ujrtake 
Strength of sulphuric acid used 
Strong nitric acid - - - - 

T'ons strong nitric acid - - - 

•TonsHNOs - 


16 hours 45 minutes 

2 hours 45 miuutes 
19,000 cubic feet * 

3-7 

“ % 

56 minutes 
107' 

109' C. 

87*8 per cent. 

92*8 

(0*3 percent. HNOj) 
1*0245 • 

0*9504 


Percentage on available HNO3 
Weak nitric acid - . - »- 

, Tons» weak’ nitric acid - 
• Tona^NO, - 
Pfercartage on available IINO3 
Nitre cake - » - 

» • . 

‘Tons nitre,cakfe (calculateflf, - 
Tons HNPa ih nitre cjdce ’' 


- 86*3 ])er cent. 

- f'o -3 

(XJ per cent. HNOj) 

- *0*0^.. • 

- 0*0320 

- 2 *9. per cent. 

- HjSOj^ 35 * 6 per cent. 

(0*9 per cent. HNOJ 

- •2‘2l" • 

- 0*0199 . 
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Percentage on available HNOj - i-8'per cent., 

Nitrous acid in nitric acid :— ■' ' , . < • ■ 

Tons HNOj - - .. 0''oo32 =-- 0-0043 tons 

, as HNOr 

Percentage on available IINO3 - - 0-4 per cent. 

"fotal acid obtained (e.\cluding HNOg) 89-2 . 

Total acid obtained (including HNO^) - 8o-6 
Total acid accounted for - - - 91-4, ' 

Trial No. 4. 

Total time (fire lighted retort until tapped)- 12 hours 
Time heating up (fire lit until distillation 
commenced) - - - - ■ i hour 

Gas used (estimated) - - - 24,600 cubic feet 

Ivjuivalent to cwts. of coal - • 4 • 7 

No. of times gas was turned out - - 3 

Total time gas not burning - - - i hour 6 minutes 

Mean ternjierature in waste gases - - 126° C. 

Mcall tem])erature in uptake - - 124" C. 

Strength of' sulphuric acid used - -91-2 per cent. 

Strong v-itric acid - - - - 92-8 „ 

. ( 0'5 per cent. UNO.,) 

Tons strong nitric acid - - - 0-9588 

Tons HNO3 - - - . 0-8898 

Percentage OK available HNO3 - - 80-8 per cent. 

Weak nitric acid - - - - 63-2 „ 

(0-1 per cent. HNOj) 

Tons weak nitric acid . . . 0-1443 **"' 

T«ns HNO3 - - . . 0-0912 

Percentage on available IINO3 - - 8-3 per cent. 

Nitre cake ----- II2SO4 32-9 jier cent. 
' (o - 7 per cent. 11NO3) 

Tons nitre cake (calculated) - - 2-13 

Tons IINO3 in caJke - - - - 0-0149 

Percentage on available HNG3 - - 1-4 per cent. 

Nitrous acid in nitric acid ;— 

' Tons IINO3 - - - . - 0-0048 - h-0064 ton 

as HND3 

Percentage on available HNOj - - 0-.6 jier cent. 

Total acid obtained (excluding HNOg) , - 89-,! „ 

Total acid obt^ed (including HNO2) - 91-1 
Total acid a^jxountod for - - - 91 -1 , „ 

Trial No. 5. ’ 

Total time (fire lit until retort tapped) - 14 hours 25 minutes 
Time,heati»g up (lire'lit until distillation 
co,mmenced) - - - - 1 hour 55 minutes 

jasrused (estimated) . ;a3/0oo cu.bic feet 

^ Eqviivalent to cwts. of coal - - 4-6 
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No. of times gas waf tunicd|Out 
Total tftrfe gas no^ builimg -1 
Mean temperatilre iiuwaste gases - 
Meau temperature in uptake * . - 
Strength of sulphuric acid used 
Strong nitric acid - 

• • 

• TdSns Wpng nitric acid - 
• TonsjHNOg 

Percentage on arailablc HNOg 
iVeak \ytric acid , - 

• Tons weak nitric acid - 

, , Tons HNO3 - - . 

Percentage on available HNO3 
[^itre cake - - - - 

» Tons nitre cake (calculated) 

Tons HNO, in cake 

• • ® 

Percentage onnvailable HNO3 
Nitrous acid in nitric acid ;— 

• T:onsHN02 - 

Percentage on available HNO3 
Total acid obtained (excluding HNOg) 
Tu^ acid obtained (including HNOj) 
Tptal acid accounted for 
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5 minutes 
110 ’ C.* 

103“ C. 

91-4 per cent. 

92 •« 

(0-6 „ UNO' 

1-025 
0-951 

86-4 per cent. 

70-0 

(0-03 per cent. HNOj) 
0-064 
0-045 

4-1 pt;r cent 
H2S03,33-9 per cent, 
(l-i per cent. HNO,) 

2 a 

0-0233 
2 • I per cT:nt. 

<)-oof)i — 0-0082 ton 
as WNO. 

o- 7*peF cent. 

90- 5 

91- 2 
93‘3 


Desiderata in running thic retort house 


These may be conveniently summarised as follows :— 

1. High production. 

2. Good recovery. 

•3. Economy of fud. 

4. A clean and well-kept plant. 

High production. —^'This will be secured by avoiding lyss ol time 

(fl) Charing niVe and suljtliuric acid 
{b) Tajrping and recharging. 

(cl) Firing. ' 

•(i^DistiUing. 

• 

Given the necessary labour the time betwedn the end of one 
distillation^tmd thd be^ning of another slnVuld not exoced li hours. 

• Th£ draught oil tpe plant shpyld be very good, so that Jhe retoits 
•can be recharged* tlje moment .tapping is finished. As so«i as the 
• sulphuric acid, is ki, aJl danipcrs should be shut and a goocf tire started.’ 
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When the retort begins to make, I'ihe fire ’sliould, be- turlied down 
very low or even extinguished. 

Good recovery eflBciency.---The following points must be, watched 
carefully :— 

(a) Avoid leaks and blows. 

(h) Do not distil at too high a temperature. 

(t) Keep the absorption towers working properly. 

Under this heading it should be noted that the' coefficient of 
absorjition for NOj falls off very rapidly above a strength of $d per cent. 
It would be well therefore not to try to concentrate above’bo per cent. 
HNO3 in the towers. • ' 

Econmy o* fuel.—Far too much fuel is frequently used. The 
temperature .should fjot be regulated by opening dampers, but by cutting 
• off the gas. A good fire sliould be used until the retort begins to distil. 
Immediately this occurs the tire should be cut down almost to a minimum 
and kept there for > hours. It can then be shghtly raised for another 
hour, anft after this gradually increa.sed until after 9 hours distillation 
it is' (tf a moderaitc size. 

The fire Should be extinguished 15 minutes before tapping. 

Temperatures. 

1st 4 hours to rise gradually from 95' ('..-105° C. 

2nd 4 hours to rise gradually from 105'^’ C.-120" C. 

3rd 4 liours to rise gradually from 120“ C. 135" C. 

The accomjianying curves. Figs. 8-15, are tlie means of~5»"veral 
experiments and will sliow the inter-dependence of rale of acid make, 
time, and ffemperaturcs. 

Fig. 15 shows very clearly the point at which the retort should be 
switched on to the weak main. 'I'his point is 1*440 at 15" (■. The 
tfenuperature of tlie acid should be taken in several retorts and an average 
correction appliecl to all gravities. The finishing gravity should be 
1*310 at 15'' C., the temperature correction being o*ooi per i'’ C. 

These'results will be secured by constant and unremitting attent’oii 
to every detail, by watching very carefully the firing of the* retorts, 
and ,by organising the labour so that the " dead time,” i.e. the tinttc 
between the end of one distillation and the beginning of the next 
distillation is reduced to the absolute minimum. *” * 

Sl’ANDARD RETORT CHARGES 

Standard retort charges to obtain a nitre cake containing 30 .’per 
cent, of IlgSOj ma/ be calculated from the following equations :— 

■ NaNOg -P HjSOi = NaHSOi d- HNO3 
85 98 6 ' 120 > ’ 63 

zNaNOj -f HjSO; NaaSO* 2HNO3 
170 98 lt42. ’ 12b ‘ 



GRAVrrV OF_ACID 
f MEAN OF 5 EXPTS ) 



FiG. 15. 
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lOo p&rts ofoitre cake are eq%ivaleiit to jo parts of 112804, i.e. they 
’ . . 30 X 120 ' • 

contain — =73-5 parts of NjgHS04. , 

Hence, tlie composition requircsd = NaHS04 73*5 per cent. ’ 

Na2S()4 2()-5 


73-5 pans 01 iNaMM;4 are derived from - 

X 85 =- 52 parts of NaNO^ 

and • 

,7^. 5 X 98 - 60 parts of 11.,SO, 

26-5 pai'ts of Na2S04 are derived from 

X 170 - - 31-7 parts of Na^fg 

^and 

^142 =1^8-3 parts of H2SO4 

hence, 10 ooiain 100 parts of nitre cake of 30 per cent, acidit^^ as 
HJSO4, the following quantities should be used, viz.: 

Pure sodium nitrate {52 f 31-7) — 83-7 parts. 

Pure sulphuric acid (60 I 18 • 3) = 78 • 3 ])arts. 

• •r»r one ton pure NaNOg, ^^4,^ jmrc HjSOi* 

• The following table shows the amounts of sulphuric acid of v|qious 
strengths required per ton of crude nitrate at viuying degrees of pii^t^ 
which will yield a nitre cake containing 30 per cent, acid, reckoned iia 
free H2SO4 :— 


Purity or 
4)tnde tmtale 
of Holla. 
Percentaee 
“aNO,. 


*t*er cent 
98 • 

.97. 

96 

95 

94 

93 

92 


Amounti of SulfhurU Acid required for i ion of Cttule Nitrate. * 
Quantitcei, in Tons. 


100 per cent. I 95 per cent. <J4 per cent. 93 per c, 
HtSO^. Hf.'iO,. 0 I,HO,. ii,.SO 
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Diagram for use in charging nitric acid retorts 

Fig. i6 sh )ws a useful form of ch xt for use in charging nitric acid 
retorts, and is self-explanatory. 

Composition of sodium nitrate used 

R ;presc;ntative samples of two consignments of sodium nitrate 
(Ciiili .saitjjetre) yielded the following analyses : - 




I. 

II. 

Sodium chloride - 

_ 

0-69 

0-90 

Sodium chlorate - 

- 

0-02 

' 0-03 

Sodium sulphate - 

- 

0-21 

o-k; 

Fota.ssium chlorate 

- 

- 0-043 

0-025 

Calcium salts 

- 

0-00 

0-00 

Insoluble matter - 

- 

o-i6 

0-04 

Moisture - 

- 

1 • 98 

2-03 

Sodium id'rate (by difference) 

- 96-89 

96-85 


The variations in and mean values of the analyses of these two 
consignments covering a jxaiod of one month were- ■ 


c. j- 11 ■ j / variations 
Sodium chloride -< 

r , , , ,. / variations 

Insoluble matter 

, j , f variations 

Moisture - 


- 0-3Q-I-I0 O' 67-1 *17 

- 0’8l 0-84 

- o-oj-i'SO 0-04-0-27 

- 0-14 0-13 

- I-46-4-03 2^03-2-8 

- 2-82 2^0/ 


Detekmination of conditions for maximum output, condenser 

EFFICIENCY, &C. 

i^Experiments carried out at H.M. Factory, Queens Ferry, using Hart 

condensers). 

A series of trials were carried out at Queen’s Ferry to determine— 

(1) The maximum possible output. 

(2) Recovery efficiency of the condensing plant. 

(3) Optimum working conditions. 

The arrangement of plant is shown in Fig. 17. 

It is de^irab^'e that the receiver should have a capacity of not less ^ 
than 40 gallons and have an outlet pipe of i.j inches, otherwise there 
is choking when the ])lant is worked at its maximum output. 

Arrangixl as shown, three cycles were carried out in one retoii; in 
25 hours, that is. 3 x 2-25 = 6-75 tons of nitre were decorrposed. . 

, A C-a'inbri(lgc thicad recorder was used in . onjuncticn with two 
resistance pyrometers, om; being inserted through the uptake ai^ 
Situated centrally in the pi]je, whilst the other was placed ui the vertiem, 



il 
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12 uaches iC 9 ipche?;, waste gas flue at a noint about S inrb|s from the 
gryuhd level. 

Workiiig conQinoiis.—working cbiylitions, were copied as closely as 
possible, thus, in all cases except one, the experimental charge was 
start<® almost itnmedjately after the preceding cliarge was tapptW to 
ensure a warm retest. 

In ithe oasd* oj charge 4, the retort was allowed to cool fesf abo'ii? 
thfee 4 iours bej^ore charging-the effect of this is discussed in the 
paraC^aph^"^Deductions from experiments,” vide infra. 

Measureillqjjt oJ raw mterials.—Tlui nitre in each ca.se was weighed 
•very .carefully, and the weights can be gnaranteed to within 7 lb. 

A samplesof each cha;-gc was taken, and these mixed together and analysed. 
The ^fsult being r- NaNOs, 98-00 per cent, by nitrometer on .the dry 
salt; moisture, i-5.per^ cent. This gives NaNCX, in moist nitre as 
06-5 per cent.; the figure 97-5 per cent, wds used in calculaling the 
sulphuric ayd charges as the analysis was not carrie'l^out until tire 
distillations were comjjleted; the correct figure is if^ed, however, f*)r 
*the e.stimation of nitric acid reco\'(^ry. ^ 

Thu nitrometer method for determining the piTcenftigc of Na’NOj 
•is clearly the analogue of the process involved, and this ll^ure .should 
he taken as correct in preference to the refraction figure, which is alw.ays 
^00 high.* ^ 

* Optimum conditions of process. -Ideal running in a nitric acid plant 
requires:— * 

(i) Short time of cycle. 

(3) Large percentage of strong acid made. 

(3) High percentage of HNO3 in this strong acid. 

(4) Maximum recovery in condensers; tlie corollSry being 
minimum recovery in absorption towers as weak acid? • 

(5) Dead time a minimum. 

Short lime of cycle. 

^It is always necessary to know the maximum possibh; output of 
anyVmit of plant, so That emergencies can be met by increased outi)ut. 

JVith*a view to determining this limit, charge 2 was started in a hot 
rtTf)rt,^dnd a full fire ke.|)t on throughout the run, the time occupied 
from commencement of charging to the finish of tapping wa? 7 hours 
45 minutes; charge 3 was run in immediately afterwanls, and had a 
cycle* of 7 hours Sfl minute#;; the refort was again charged and run 
’ together with ihe other units under the supervisic^i of t^ie sjiift chemist 
withouf jndivicfijal'attention, this charge occupied 9 hours 30 minutes. 
Tlmsn three complete charges, each of 2-25 tons of nitre, wen- distilled 
and tapped in 25 hours. • • 

. The ijiaximum fiutput of a retort on tl^i Mart sysfcem as installed 
at Queenls Perry can.bd taken therefore as 4 tons of HND* « 

, * The term dyde talcon throuf'hwii# this roiwrt as the period el.'«[)sing from the 
commencement of cliargm" to the finislTof tappint?. 

a 1S0#2 * * 
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this might* be increased by running ^ larger charge th£|n,2;.25 tons of 
nitre. > ■■■.*' 

Large percentile of strong acid. 

,()n the assumption that the acid from tlic third pair of headers goes 
to the strong main, the best result was No. 4, v.'hich gave 96-5 per cent. 
,^trong acid expressed as HNO^; Nos. 5 and 6 .^dso gave high values, 
But in ‘those cases the total recovery was low, which tends to negatjive 
the otherwise good results. < ' 

, The meaning and causes of these results ar.e discussed, under the 
heading of “ Deductions from experiments,” vide infra. 

' High percentage HNO^ in strong acid. 

No.' 4 was again the best with 92*2, but none gave results a= high 
51s might be; expected, viz., (>3-94 per cent. The l.)w value of No. 5 is 
'doubtle.ss due Jo the low value of the suljihuric acid, which was caused 
liy the sulpliurio acid mixing plant not being able to supply 92*5 })er 
cent, acid on account of the freezing of the 98 per cent; acid line, due^ 
to cold weather. 

' ' Dead time a minimum. 

As a rule this is taken as meaning the time elapsing between the 
finish of one cycle and the commeiu:emcnt of the next; as the retorts 
are recliarged immediately a charge is finished, lh(' dead time is redu'^(“ti 
to a few minutes ])er cliarge provided the supjfiies of nitre are forthcoming 
and tlie labour is fairly smart. 

A more useful reckoning would be to count dead time ris tin; sum 
of the time elapsing between the start of charging and the finish ()f 
tapping ol th(! previous run. and tlu‘ time* actually occupied in charginj; 
and tajiping. Table No. i shows that this time was executed regularly' 
in r liour 15 minutes, which is fairly quick, th(' nitre charge being in 
position, and the cak<; pans emjity as their turn came for use. 

. « The removal of nitre cake is a serious factor; in the case of the 
three fast runs, the cake from the previous charge, was not cool enough. 
for removal when the next was ready to taj), so the cakes were run on 
top of the prexdous one, which had been liberally sanded to prevent 
stickin{i. 

' \{ tvme oi « cut dovm mucYr iioiu ttveir i^tcseut vaW.'it 
\v\t\ be, found necessary to surround t\\e caVc-puns VxtU to gbert 

mnclie.r cocYing. t n 

No. fi ctiarge was delayed .’ hour lo minufes .for tapping, m rm 
other cases .^pc< 1 al aiTAngements for accommodation qf cf^kc wcre.niyfk, 

Deducuons from experiments. From examination of Fig. y 
comprises the tabulated results of the various charges, it will be se('n- 

(i) yiiat high s<)eed of distillation does uot ncbessarily meac^ 
Jpu* recovery; ^ i V , , 

• (2) That strength of Strong acid besurs.no relation to speed 

of distillation; '' 




Ma!fyA$or&,lrt^ 







ZP- 















uluj ,dad suj e<j^' 




























RETORTI PRACTICE 37 

• percentage teeo\’ery and strength of strong acid 

appear infcr-d^'p'ncj^t: ‘ * • ' 

(4) That high terapcratun; ol \vasle gases fioni retort flue 
varies with (3) above. 


This last injportajil, deduction is clear at once fnnii the pyrometer 
charts, Fig. ,19. €n the case of charge >io. 4 (the best from ])4int of 
view oi percentTigy. recovery, pcrcentag(' ol strong, and i)ercen1age HiWTa 
irf strong) the Jue gas temperature was lielow 140” C. during the greater 
part of tbe^di.stillabo?j, and was for a greater i)ar1 of tlio tini/' less than 
the up-talte temperatun*. Tlie reason f(»r this is directly ascribed to 
the fact that the retort was allowed to cool for two or three days before 
the diarge.was start<'(.1», in all other cases there was no such stoppage. 
The result of this being the cooling of the upper part of r(;tort and* 
surrdhnding brickwork. 

Charge No. 5 was the worst for reecneij', and i>(;rcentirgc HNOj^. 
this* latter is attributed to a slight extent to the weak.sulphuric acid 
deployed,the flue tiunperature was tflo' C. to iio the highPst 
value reached. ^ • f 

Charge No. 5 had a flue temperature of 170' C. to rfo' C., and‘the 
^next wobsf recovery^ • 

These results poiid conclusively to the fact that if the top of the 
retort agd suiTounding brickwork ;ire allowed to^'ct abo\e i-jo' ('. 
«s shown Wy waste gas l('mj)erature, then considerable d<’Compositi«n 
of*the acid va])ours takes place. . * 

• The upper two flues do not contribute to the iiwlberafife of distilla-# 
Tion. but merely to kivinng the upper part of the retort warm, jaeventing 
con<k'nsation of acid, and sid)se(ient corrosion. 

'llif; methods that can be adopted to prevent this ' cr.i^kTng ” of 
fhe*aci(fl vapours are as follows, viz., by altering IIk- line jonstrucliyn. 
so that the lop of the two flues :ire in parallel to lower two, and by 
iryserting a damper so that only sutheient hot gases can be adipitteci 
to kee]) the. top of the retort at a reasonable temperature, the main part 
of the heat ])assing through the lower two flues and conserpiently Ixing 
concentrated on the lower ]iart ol the retoit where it is required to assist 
^listillation. . 

* Gas aDd.gas firing. Tlu- stack draught, measured on the dawntake 
t«*tirdteiuin flue, was fairl\' constant at tlie o-15 inch ot water, occa.sioirally 
rising to o-20-0-25 inch for shorter i>eriods: this draught is sufficicni 
to glTe good distiflations pnnided that the gas pressure is maint^ained 
at I. inch, as was llu?c^sc <lu»ing the 

, . An average ga^ sam])le was taken during tijfi nmijing.of charge 2 
by foefins of tfti aspirator from the cleaning hole of the gas valve, at 

tha sate of aboul: iditre an hour, the re.snlt was 

‘ , • Per cent. 


CO., 

Co* 

H. 

CH, 


• 9 

» 


3 ;o 

- 19-2, 

8 - 2 . 

- * 4-9 

- b3*b 


f 
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( 

•Analysis of fine gases during the diarge gave— 


Hours' of distillation. 


Pa cent. COg. 

Per cent. O^, 

2 hours 0 minutes. 

- 

- 12'8 


2 „ 30 

* 

- I0;O. 

. g-6* 

2 „ 40 

- 

- I3-2, ' 

• 5-6 

3 .. 0 

- 

- I4'0 

‘ 4-8 

4 » » 

- 

- lO’O 

, 8*0 

4' >» .3^ i> 

- 

- 13*0 

. 3‘6 


The fires were constantly attended to, and an openin'g of | inch for 
the air slide was found to give maximum efficiency. The'ajwve CO2 
* figures amply demonstrate the good working of the fires. 

t 

,' Gaa consumption.—An attempt was made in tlie case of No. 5 run 
to estimate the amount of gas consumed durmg the charge. The method 
employed was ets follows ;— 

A continuous satuple of the producer gas was taken by an aspirator ' 
from the cleaning hole of the gas valve, at about i litre an hour. At the 
same time a samjJe of the burnt gases was taken f-om the back flue at 
a spot just below the pyrometer, so that the temperature of the gases, 
passing through the sampling, could be iiscertained. 

* These two samples were started as soon as the lire was lit, j.nt^ 
stopped wher if was turned out. 

Both gas samples were carefully analysed, and these, togethel 
with tlie average \'alue of the velocity of gases in tlu; flue, taken by 
an anemometer, gave a value for the gas consumed. 


Hesults': - 

Average value of producer gas- 

CO2 - 
CO 


Per cent. 

- 4-6 

- i6-9 

- 8-0 


- 3 - 7 . 

- 66-8 


Average value of waste gases— 
( 


. q)2 

Oj 



' Per cent 
6-5 

. - « . KF 5 

4 t 


Average velocity of gases in flue, .corrected to 15° C. = 5*51 ft./sec, 
the cross-sectiopal area of fhe flue being 108 square nneheS? 

, Time'during which fire was alight = 8 houii 45 minutes.' I'oo volume 
.of producer gas of above compusftioi^ yield, on combustioq, 25*2 volume 
of COj. 
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Vbl«ine,Qf waste gases passing through flue per sec. 

5-51 X loa • ..s’ ., 

= -i —___— = 4.12 cubiafeet per second. 

. 144 . ^ . 


Since 6-s j«r cent, of this is COj, and as the fire is alight during 
31,500 seconds, th* tofaf volume of CO^ formed is— 

* ^ 31.500 = 8,456 cubic feel. 

Since* 35’2 cubic feet of CO.^ arc formed from 100 cuW feet’of 
producer gas, • 

Pfociucer gas consumed ^ — ,33,560 cubic feet. 


The usual figure taken for the volume of, producer gas formed fro^ ^ 
a tbn of coal is 140,000 150,000 cubic feet at N.T.P., byt as the gas 
lotv in ca«fcwn monoxide, the higher figure unll be taken. «* 

On this assumption, coal used - 0- ^24 ton. and sine.<^ tlip HNO3 
produced was 1-331 tons, then coal used per ton IjJNOa produced 
-o-i68fon. , 

' The average iTgure for tons of coal per ton MNO3 for period 
r/th November lyiUfo J7th IVcemher xyi6 is 0-347 l6e Part 

•retorts, /‘yiowing even considerable margin for experimental errors, ^it 
is*quitc evident tliat the fuel consumption can be considerably cut dcAvn. 

Saving in gas can be effected by greater attention to ffring. Under, 
existing conditions the fires do not receive the share of attention they 
des^ve as the prime mo\'ers of th<- whole process. 

• file projicr mani])ulation of gas firing requires skillgd* labour. 
WRen these tests were carried out the care of tin- tires was {almost ^htjly 
ill the hands of girls, who wen; quite unsuiti:d for the work, excqit for 
.swell things as cleaning out the valves. •• 


Nitre cake.—As seen from table. Fig. 18, the aciditii-s of the nkre 
cakes were rather irregular des])ile. the gieatest precautions with meiustiring 
•the^nitre and snlphiyic acid. 

In aacii case the sulphuric acid was sampled and analysed; the 
•cnAwing factor, which is variable, besing the j^iercentage of moi^ute 
in the nitre. • 

^he charges of sulphuric acid were calculated on a 47-,5 per cent. 
NaNOs basis, and in ^very caisc except^ 4 o. 3 this proved too high. • 

•. As was pointed out in the section on raw,mat(!|jals, the average 
•^alysi^^of tlife^nifre diarges was 98-00 per cent, of NaNCX, on the dry 
sadt.by. the nitrometer, and 1-5 ])er cent, of moisture. This corresponds 
to 96-53 per fent. of NaNOg on the moist nitre. » 

• It i^qijitc impossible to get cakes reguiarly low ii>H 3804 until the 
nitfe anfl sulphuric aciu are both standardised. If the drier is ^iprlfed* 
i^ciently, tlie moiiftu»e variation ^^an bfe eliminated, and the remaining 
Factor is the siJlplftiric aci 4 , with regard to which the chemist in charge 
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must knoW the strength of acid he is being supplied with at the 
moment. If large mixes of feed acid wc’-e made at a time, and this 
properly sampled and analysed, there is no lehson why cakes containing 
29-30 per cent. H2SO4 should not be the rule rather than the exception. 

Nitric acid in nitre cake.— The presence of ritde ac’d in the cake is 
undesirable from the point of view of the nitric acid manufacturer, 
ac it is a cause of loss of acid, and also from the poini ol view of the 
nitre cake consumer, since it acts as a troublesome impurity. 

When charge No. i was nm, it was the practice on the plant to 
tap at a gravity of distillate of i • 340, not taking the temperature into 
account. Charge No. i was tapi)ed at 1-340, the temperature of the 
acid being 70'" C., and the cake was found to contain 1-15 per cent. HNOj. 
Subsequent charges were tapped at lower gravity, but all contained 
more or less nitric, the lowest being No. 2 with 0-15 per cent. TiNOg, 
.which wa.s tapped at 1-270, the temperature in-this ca.se being 87° (.'. 

, If cakes fiee from nitric are required, it is necessary to make a 
tein])eralure correction, or to s])ccify a specific gravity cbi 1 esponding 
to the 'maximum temperature likely to be reached, the former method 
would be most economical from the j)oint of view of saving tim(^. 

It would seem that to taj) at 1-250 legardless oJ[ tem])erature would, 
give good results, but far better would it be to /ap at 1-350 at 15° C., 
allowing a correction of 0-008 for every 5"' C. 

In the same way, the jioint at wliich the retcji t is dumged to wt^ak 
should also be corrected for teini)erature, 1-470 at 15 C. has been found 
to give good*iesults. • ^ 

The functions of the 3rd pair of headers.- Tlui figures show, that 
the 3rd headers deliver acid only at tlie period of greatest make of the 
first two headers, and tlien it is mi acid of average strength (^2-7 peV 
ccnt.,^lIN03. It is to be expected that these headers would give strong 
acid, since weaker acid, having the highest boiling point, would condense 
in tne first two banks of tubes, and the stronger acid of boiling {loint 
So'^-qo' C., would jiass on to tJie third luuiders. It is clear that these 
headers should be connected to the strong main instead of to the weak. 

The very high percentage of nitrous in this acid is most marked, and 
is due to the low temperature prei-ailing in the tliird header. It was 
found tliat the temperature at the exit to the fume main was ps'ually 
about i(X' C., occasionally falling to 5" C. when the cooling watt-r was 
particularly cold; at the time of maximum make this temjierature would 
rise to 2o"-25'’ C. These low teipoeratures are quite .sufficient to condense 
large amounts of N2()4. The only way to reduct this would be not to 
cool the thitd ht^adcr at all, which w<juld doubtless lead to slightly higher 
losses to the absorption towers, but would seem tl\e only' method 
avtiilable when; nitrous is an objection, ^ 

Acidity of gases to fuiipc wutin. -'I'lic percemtagd of gases soluble in 
caustic s,odd, in the exit to the fqpie mam froin .the third' header, ►was 
determined by the Orsat apparatus, also the amount of free oxygen 
present. ' - 



SIE^ORT FRACTION 4I 

* •The deteminartions were made just after a slight blov> during the 
running 0: c'har^’No. 5, th^gsteady fall of the acidity shows the cessation 
o! the blow:— " *** . * 

Percentage of gases Percentage of 
Time. soluble in NaOH. oxygen. 


During blow, - - 43-4 

10 Ininutes later - -26-4 

20 5. „ - - 17-2 

.. T, - - 9-0 

4 ^ „ - - 6-0 

I hour 25 minutes - - 5-4 


II -0 

16- 2 . 

17- 2 
i 8,-4 
20-2 
19-8 


The source of the free o.xygen is a matter of surmise, considefing, 
the yo«r draught it is liardly likely to be air which is sucked iit through 
joints, so presumably it is due to (lecompositi(^n of NOj. • 

The draught on the Hue was not suflicienl to get an anemometef 
reading, «'^ar; inve^stigation would havt; berm made in this direction with 
a view to getting a value lor the losses tf) the ^^sorption iov\<?rs. 

Soamfitry of conclusions and further trial run.—'riu*e experijnents 
' indicate very clearly that the condensing system is very good, and that 
the gas firing and g^jit-ral arrang<'ments of the Hue* are efficient, '.rhus 
•three comijletecyclos are pcu forined in 25 honrs. 

• Further improvement in this direction seems neither advisuBle 
possible. ^ #• 

* It is not jioss’l le because the nitre cake cannot lx* reinowd sufficiently* 
fast* and it does not sewn advisable f)ec:ause destructive distillatiem 


undofibte^dly occurs when retorts arc forced btiyond a ce-rtain spta;d. 

• F'flfther, the wear and tear on the plant must be considfrtHl. 'Ihe 
lirst dicsideraturn is that the idaiit should ])roducc the reeiTiire'd tjhnage 
<if HNO^. 

^ • • 

The maximum quantity required is taken as 2-8 tons HNO3 per 
retort per day. 


, , This tonnage would be produced b\' a cycle for 2J tons of nitre of 

I4*lu)urs, so that iii working for a 12 hour cycle should be well within 
Uie mjuTrefnents. • 

The 12 hour cycle could be divided into 8 hour for distUlation* and 
4 hour for other operations- a fair allowance if more ra])id methods of 
reitjoving nitre cakt^from the nitric acgl factory are adopted. , 

, Analy.sis of tile results shown in the table indicate clearly that the 
of HNO3 is tew high. • * * 

• •Since this loss is caused by decomj^osition of HNO3 in accordance 
with the following ecpiation— • 

* 4 lIN 03 - 2H.p -f 2 N 4 , + O., 

The aci^ condensed in the Hart aondenser must be wuakef than 
it would otlierwise»be. * 
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Thus vfe have— 

(1) , Actual loss of HNOj. 

(2) 'Additional consumption of oifeilm jfed subsequent addi¬ 

tional sulphuric concentration consequent on the formation of 
water in the retort by decomposition of HNO.,. This decom¬ 
position can be caused by (i) too slow a distillation; and (2) too 
^•apid a distillation. ‘ 

In between is a set of optimum conditions which can be regarded 
as being embodied in, and guaranteed by the results of jthe large scale 
experiment detailed below. 

Six retorts on a separate main were taken and put into a reasonable 
order. , » 

These were charged in rotation at intervals of two hours. The acid 
made waJ> all run into a pair <jf lead receivers. At the end of theMrun 
this acid was carefully agitated by means of an pir jjt and was carefully 
sampled and measured. 

. Since these lead tanks Ivid been accurately calibrated,.♦'•e figures 
given ca’? be taken as representative and reliable. 

Method of /(Vi«g. '-Immediately after charging, each retort was 
fired heavily, and as .soon as distillation commenced the fire M'as cut 
down to a quarter fire ajul the distillation allowed to jiroceed for four hours 
under its own heat. • 


At the end of four hours file lire was gradually increased until 
distillation was finished. _ __ _ 


Ki'tort 

Cliarjiing 

< tuiiKins 

llistiltatiou 

THhtilUilion 

'I'inu* of 

Sp. gr. of acid when 

No. 

mcmx'cl. 

rinislictl. 

comirx'iKi'd. 

btdppCil. 

dihlillalion. 

dibtiilatum st(>}>ped. 

_ _ * _ 


p.m. 

p.m. 

p.m. 

a.ra. 

li. ni. 

1 

• ii 

s 


.|.IO 

4 '.' 5.‘5 

12.15 

7 20 

1-310 

;i ■ 

dS-S 

.■ras 

(l.IO 

;{-i 5 

<) 5 

1*310 

4 . 

('• 4 ,“) 

7.20 

7 AS 

2.30 

45 

1 -310 

2 

8.30 

9.10 

10.25 

7-.10 

0 5 

1 • 280 

e 


X0.5 


7.40 

« 45 

1-310 


10.5 

10.40 

11-55 

8.20 

8 25 

1-310 







__ __ ^ 


Average time of distillation = 8 hours. ^ ^ 

’Make of flciti. --Lead receivers "Nos. 1 and 2 were emptied as far 
as possible for this test. They contained the following HNOg biifore 
starting:— 

No. I -if inches at 84*2 per cent. HlSO^ , 

and i-475h5p. gr.*^ .... 0-27 ton IINO^. 

No. 2 ;—inches at 81-i per cent. HNO3 
and1-465sp.gr. - . - . 0-22 ton HNOj 

•» ■ 

, ^ . 'Total • - - - - o- 49 .toqHNp 8 

, No. I *recfiver was used first 5 nd was filled to 30^ inches by 2.20 a.m.* 
when the run was turned into No. 2. 
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^o. 1,receiver Was agitated >jith a single air-jet for ij Hours, when 
s^ples were tak^n m^is of g^ass dipping tubes; No. 2 receiver 
was treated similarly.* 

No. I receiver. 

^aboratojy analysis ■ 

HNOj, go- j*;r ccni. "I rgo-opcrcc11t.llNOaand1-49isp.gr. 

JlNO„ ‘PlH.-r edit. y^oj indies at < s-Oi tons acid 1-492 sp, gi. '* 

, Sp. gr. at 1-492 J L 5-05 tons HNOa ’ 

2 receiver.* 

, • » 

Laboratory analysis; — 

HNO, .Sj-3pcrrcnt. 1 fK.)-;', P‘‘'<‘--iil-lINO,at 1-473 sp. gr. 

l^Q, trace pt-r cctit. S23! indies at-' 4-27 tons acid at i-47? sp. gr. 

Sp. gr. at 15" C. 1-473 J y 3-55 tons HNO, 

Deduct quantit^f in receivers originally, wliirli gives 8-11 tons 
HNjOg as produced. * » ’ - 

• QuatttHies charged tons of nitre at 97 per cent. NaNJ^s 

= 13-1 tons NaNO;„ which are etiuivalent to 13-1 x 0-741 — cr'70'7 of 

UNO,. ■ ' /. 

• • 

Quantities prodttced and condensed. 

From 1st heiiders - . 8-no ton, 

*r''rDm 3rd headers - - . . 0-276 ton, 

___ ^ i 

^•'386 ton, 

.e., 86-6 per cent, recovered by condensation. 

%\ recovery of 86-0 per cent, by .ictutil condensation is reasonably 
|ood,*and if to this be added 5-5 per cent, t'stimaled recovery f*om the 
ibilbrpllon tow'ers, the total yield in these e.vperimenls is not*less than 
)2-i per cent.—a good figure w'hich may lie regarded as llfith de^rable 
ipd obtainable. 

Nitre cake acidities. -'Fhe irregular leeding of the Cummer dri(-r gi*'es 
t dry nitre of varying, moisture content which would not he detected 
5y a daily sam])lc. 

•*This^ variation Las 2 per cent, limits- sufficient, in fact, to upset 
ipplw^ carctul adjustment as is necessaiy for controlling the nUre cake 
icidily. 

li roller feeds are installed this variant should disappear. 


A constaeratton oj aestrea economy cn mim upd ntajinfqcinrc at 
* ' * ' Queen’s Ferry. 

•*TKree Hart retort houses " -^150 tons HN (>3 daily.. 

For fortitight (aiding December iqth, J()i6, loss of IlNtlj at liait 
house wau il per cent< and the coal consumption 0^24 ion per tyn^ 
dfflNO; • . 

, Average hibre pakt^ acidity = 32-5 per cent. HjSOi. 
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Nitric acid, losses. 

Assume ff 6 per cent, loss of 'HNO3 , representing fair working, 

we have an additional loss of 7 per cent. 

On the total ultimate HNO3 "output of the factory this would be 
10‘S'tons daily. '' 

.•. HNO3 losses = 10*5 tons per day. 


Fuel losses. 

“ The figure 0-24 ton per ton HNO3 is too high—0-15 should be 
obtainable. 

.'. avoidable loss = 0*9 ton of coal per ton of HNO3, or tons 
■ per day. 

^ Sulphuric acid loss in nitre paket 

Assuming 29 per cent, as a reasonable figure. 

Our avoidable loss --32*5 — 29 — 3-5 per cent. Tif2SO.i on nitre 
cake. 

. Present approximate daily weight of nitre cake = 260 Ions, 
loss of H2SO4 --- X 3-5 = 9'I tons of H2SO4. 

Total avoidable losses per day on the ultimate output of the three 
retort houses and based on past working of the Hart retort house. 

By ilNTOg losses - - - - 10-5 tons per day. 

By fuel losses . - - - 13-5 tons per day. 

By nitre cake (H2SO4) - - - 9■ 1 tons per day. 

The value of the attached invi-stigation and the neccssitj\for,th> 
imrae,diate application of the principles enumerated is strikingly shown 
by these figures. 


Further rkrort on nitric acid plant with Hart condensers 


Efficiency of condensing system. —i'his was determined by - 

(1) Actual measurements of acid rccoven'd from absorption 

towers. j ‘ ,, 

(2) Physical and chemical determination of the velocity 
and composition of the gases entering and leaving the towers. 


h will be seen that concorda’^it results ’vere obtained, which pointed 
to eflicient v^^orking. 

Velocity of gases''in 9 inch main entering towei-s ^6-92 T?;et pc. 
second. ' . • 

Velocity of gases entering ejector ( 1 . 5 . leaving last tower) — ly-i feet 
per second. 

I^Qa — 3-4 jjer'.cent, 

NP .= nil., 

Og a-19*4 per cent. 


Gase.s entering towers 
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uases leaving tower^s 


NOg — 0-4 pir cent. 
'NO =niL 

- V (\ ~ 20*6 per cent. 

. 4N0g -f Og H- 2H2O - 4HNO3 

i.e. 2»>2 litres give 63 gm. HNO3. 


■! 


‘ *(» • 

I litre gives rm. 

“a •22-4"' 


cubi(f foot gives o-17<; lb 

Volume of gas entering towers per second through the 9 incii pipe 
^-.Cross-scedion X velocity. 

= 0-442 X 6-92 cubic fe<d per second. • 

— 0-442 X 6-92 X 60 X 60 X 24 = 264,200 cubic feel •per day. 

Of this, 3-4 per cent, is NO,, i.e. ^3 4 _ 8,990 cubic feel 

per day. • 

.-. equivalent weight of HNO3 entering tower-per day 

8990 X 0-17S 

= “ 22T0 WNO, 

Similarly, volum? of gases leaving towers * 

0- 422 X 17 - I X 60 X 60 X 24 X 0-4 X 0-175 -• 

TOO X 2240 ^HNO;, 


HNO3 formed in absoiqition towers = 0-504 ton HNO3 
Average daily production == 48 tons IINO3 

HNO3 recovered in towers — j cenf. 

48 

HNO3 lost through exit P‘*i' c™t. 


^ Actual measurements over a period of two days gave 

isl day. —2-18 tons at 76-8 jier cent. — 1-7 tons IIXO3 
211(1 day. —2-4 tons at 82*6 jier cent. 2-0 tons hlX(' * 
iTuring this jicriod acid jiroduced was 9O tons IINO3 
Acid from towers — 3-8 per cent, ol total. 

.This includes the acid, condenser^l in the 3rtl header, whiiili by 
ineasurcment was loifhd to be approximately 2 jier ei.nt <n' iijj. total 
jjihltc.. ^ , . . “ . 

, ^*Acid nfad(;in absorption lowers — 1-8 per cent, of total. 

It is evident therefore that A)n the two days in question the retort 
house was being run (]uite efficiently. .\s a matter of fact the recovery 
for Jhat week was 95 pep cent, of theory. * * • , 

• The remmningy3-j per cent, loss ciin be partly accounted f8r by 
leaks and by fotmakion of unrccpvefrable nitrosyl chloride (N()€l).- 
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Fuel economy and the life of the plant. —In the preceding repeat the 
pyrometer determination of the W3,ste flue gaseg and of the nitric acid 
vapours pointed to superheating of tlie lattel’.' 

A series of temperatures on several retorts were taken therefore, 
and the results are shown on the attached graphs (Figs. 23-28). 

They show clearly that superheating does occur. 

Conditions .—The whole of the retorts were run as usual by a shift 
of girls and men, in charge of a shift chemist, all of whom had considerable 
experience with the plant. 

In no ca.se, except in one instance especially noted later, was any¬ 
thing altered from usual working conditions; the data being obtained 
from several retorts over a jwriod of days and at the converiepce of the 
~ observer. 

Experience on uptake and cascade pipes .—The observed temperatures 
on the uptake })ipcs appeared to bo rather high, so several samples of 
the gas were examined at this ])oint for nitric oxide (NO). 

It was found to be a rather difficult matter to obtain anything 
like a constant volume of gas in an Orsat apparatus owing to condensation 
of fiitric acid iil the capillary tubes, &c., so no figures are given. 

in no case was any trace of nitric oxide or oxygen detected. Mano¬ 
meter tubes were inserted before and after e\'ery bend in the cascade 
pipes and carefully olxserved. 

No difference in the manometer readings could be detected, so that 
apparently tfye tends on the cascade pipes arc sufficiently wide to prevent 
gas chokes. ‘ ' 

An earlier report contained a suggestion to by-])ass the waste gases 
'll order to prevent superheating of the toj) of the retort. 

Supcriieating of the top of the retort can be. partly controlled bj’ 
reducing thcsiieed of the gases in the waste hue. 

Curves are appended (Figs. 23-28) showing the relation between the 
“ age ” of the retort (time taken when the cliarge, complete with the 
sulphuric acid, is in and the fires are lit) ;md the waste flue temperature. 

On the same sheet is jilottcd a cun’c .showing the relation between 
the age of the retort and the temperature of the acid vapours issuing 
therefrom. 

The whole of the curves show one complete cycle of the eleit. 
Fig. 27 apjoears to yichl the. best result. It is a retort already mentioned, 
the furnace of which was especially attended to by the chemist in charge 
of the house and a carbon dioxide value ofi 10 per e,ent. obtained in the 
waste gases ^rora flue. 

It is seen that the temperature of the ujitakc never exceeded 153°'C* 
after distillation had commenced, the higher temiieiature recorded for 
the first two hours being due to the- previous charge. Similarly the 
highest Temperature recorded in the waste flue was 215° C. when 
disti(lati in was complete. The time of cycle waSs ii| hours. « 

F'ig. ^8 records the shortest cycle, the time being'in this case 8| hours. 
The temperature of the gases leaving the retort osciUaies a good deaf. 




•r -! 


FIG. 23. 
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and It fimsj?e§ iemperature 04 190° C.; the highest temperature of 
th§ waste flue galses w^ a^) recorded immediately before the finish, 
when it rose to 254° C.* ' ' \ > 

Fig. 2^ shows the longest cycle oi all, which took 14 hours. I'hese. 
figure* were recorded on the cold end of the producer flue, which explains 
the position. * 


I'HESlMAL E^UILiBRIUM^^IN NITRIC AC1I3 MANUFACTURE BY RETORT PROCESS 

Bmt bal&nce in retort and setting.— This may be conveniently suih- 
marised as follows : - 

A .—Heat absorbed. 

Heat taken up by the contents of tlie retort 
(rt) Heat alisofbed in the main reaction. 

♦ (ft) Heating the reacting substance uj) to the temperature Cif 
reaction. ^ * 

(c) Heat reiiuired to si'parate the WiKer from the sulphuric 
icicf added. 

•s * . ^ ’ 

(</) Evapora,tion of tin; watt'r brought in with the nitre and 
suiphuric acid. ’ 

(e) ileat of dissociation of a portion of the nitric acid. 

(/) Heating up the nitre cake from the aver«ge^»mperaTiirc 
of n;action to the final temperature. 

14. Heat required to bring up the temperature of retort and setting 
flft^r rc,charging. , * 

HI. Heat lost by radiation and conduction through, brickyovk, 
top of retort, &c. ” 

IV. Heat carried away by the flue gases. 


B.- - Heal supplied. 

Ifcat brought in as sensible heat by the producer gas. 

"T. Heat of combustion of the producer gas used. 

The quantity of heat cla.ssificd as A 1 . above may alternatively be 
considered as made Tip of ths followingjitems :— . 

[aa) Sensible heat in the resulting nitre cake.^ 

(bl>)i Sensible and latent heat in the gases and vapoiii-s leaving 
Liie-retort. 

(cC) Hej\t absorbed in raising the internal'or infrinsic energy 
of the reacting substances. 

The first classification is. howftvar. much more convemeiU tor 
Calculation. 
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A .—Heat khsorbed. 

I I. (a) Heat absorhtd ly the v^Miw re,action. 


Heat of formation per gram molecule. 





Cal. 


CaJ 

NaNO, 

- 

- 

- Ill 

HaS04 . : 

192-92 

NaHS04 

- 

- 

- 268 

HNO3 vapour , • 


NajSO; 

- 

- 

- .328 

HNO3 liquid 

. 41 • () 


The main reaction consists of two parts • • 

(i) NaNOg I HgSO^ = HNO3 (vapour) I NaHSC)4 

- (268 1 34-4 -r III - IQ3). V -*2 Cal. 

(2) 2NaN03 + H2SO4 2HNO3 (vai^ur) + Na^SO^ 

= (328 + 69 - 222 ■ - 193) — -- "iS" Cal. 

These heats of u'action are calculated on tlte assumption that the 
Liitial and final temperatures arc not far removed from if'^ C., but, 
as the .sum of the molecular heats of the substances on the two sides of, 
the equation is nearly ''onstant, the heats of reaction at 130" to 150° will 
not' differ matt-riallv from these calculated here. ■ ' _ 

'I'he nitre cake is stated to contain normally 30 jier cent, of ‘ fred 
acid,” reckoned as.fre(; HjSO^. ‘ . 

From the molecular weights H^SO^ -■ 98; NajSO.j, 142; NaHS(i,j 
' 1I20, and the equation - 

HaSO., ^ NaaSO^ 2 NaHSO^ 

It is seen that 30 parts of " free KgSO^ ” represent 73-4 parts of 
.NaIISQ4, and that consequently the nitre cake con.sists of 73-4 po” cent, 
of NaHS04 and 26-6 jier cent, of NaaS()4. ‘ 

• molecular proportions will, tluTidore, be 

of NallS04 to ’ of Na.aS04, or as 612 to 187. 

120 142 


In equation (i) one molecule of NaHSOj corresponds to one molecule ’ 
of HNO3, consequently 612 mols. of NaHS04 correspond to 612 ivols.' 
of HNO3. According to equation {2) T mol. of Na.aS04 corresponds‘to 
2 mols.'of HNO3 .'. 187-5 mols. of NaaS04 correspond to 37^^2.101^. 


HNX)3. . 


• of the total MNO3 ^ will be formed according to equation (i). 

4 " ■ 
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or tfprod^e.63 HNO,. 8 o8p C.H.U. If only 94 per ce*nt. of the 
total possible xlNDj a<5«ally ^recovered, we require to produce 
I ton net— ‘ 

8080 X X = 305.000 C.H.U. 

It will b<i note#! thSit the heat absorbed by the reaction per ton or 
per, gram motecule^f HNO3 formed decreases with increase of suhihuric 
acid,until the rfiitrc eake contains loo per cent, of NaH.SO.. This 
variation njiiy f-onveniently be (>xpressed as a function of the " free 
sulphuric acid ” in the nitre cake. Thus, if H be the heat of reaction 
])er gram molecule of HNO3 produced, and .v the percentage of “ free 
HjSO*” i« the nitre cake, then ‘ • 

^ 1800 — 41 • 

100 — X 

whefe X can vary from o to .^o-S per cent., the fatter figure coiM «jA«m.i,(; 
witli 100 per cent. NaHSO,,. (Higher values of x have no re'al meanind 
•in this connection.) 

Differentiating, we find that— 

dH _^^10 

dx (100 - .r)2 

, lyiffg between — 0-23 when .r = o, and — 0-64 when * = 40-§. 


[b) Heat required to raise the temperature of the initial subkances to the 
average reacting temperature. 


TTie average temperature of reaction has been taken to be 130" C.* 
an<T tlieinitial tem])erature to" C. * 

Taking the nitre to be of 96 per cent, purity. an<l the yicTd of H’NOj 
1(* be 94 per cent, of the possible, there is required in order to make 
1 ton net of HNO3 :— 

85 TOO TOO , , , 

6^' ^ (6 ^ ^nitre. 

• ’.) 9 , 94 

If 2 jier cent, of the crude nitre is water, the crude nitre contains 
1* 47 «<to ns of*diy nitre jilus 0 • 03 ton of water. * 

'Hic quantity of anhydrous sulphuric acid required t<>, prodUce 
1 ton^if HNO3 with TOO per cent, efficiency is :— 

63 ^ ^ accoAling to ecpiation (i), and 

49 ^=*0-296 ton according to ^.s;, wi njgether 

^3 9 ^ I • 26 tons. 


But if the sulpjiuric acid is*only of 95 per cent.’strength, and the 
•yield of HNpg is only ^ jier cent., there i»required to produce i ton 
npt f)f HJJOg :— • 

I-2& X ^ i’* 4 i tons of 95 per cent, silipnunc acid. 
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( 

Taking the following values for the specific heats, viz., NaNOj, 
0-278; H2SO4 (95 per cent), o-35;,and K.4p,.i; the heat required to 
raise the temperature of the raw materials front 10° C. to 130° C. is 
for the— 

C H.U. 

Dry mire (i>47 X 0-278 X 2240 X 120) -• - - 110,000 

Water in crude nitre (0-03 x i X 2240 x 120) - - 8,000 

95'/>er cent. (1-41 x 0-35 X 2240 x 120) - - 133,000 


Total 


251,000 


I.— Ic) Heat to separate the water from the 95 per cent, sulphuric acid. 

Since the heats of formation from wliicli the heats of reaction were 
calculated refer to the anhydrous substances, allowance must ,no<w be 
made lor the heat absorbed in separating the water from the 95 per 
cent, sulphuric, acid. 95 per cent, sulphuric acid contains 5-26 lb. of 
HgO to 100 lb. of H2S()4. From a curve of heats of dilution ot sulpliv.ric 
acid, plotted from a modification of Thomsen’s formula, it is seen that 
the addition of 5-26'«lb. H/) to 100 lb. H2SO4 evolves 2,500 C.H.U. 
Hence to separate the water from 1-41 tons of 95 per cent, acid 


I •41 X 2240 X 2500 
'i05-26 


— 75.DCO C.II.IT are required. 


1 . {d) Evaporation of water in the retort. 

i-qi toiis of 95 ])er cent, sulphuric acid contain 0-07 ton of wat"r 
which, together with the 0-03 ton of water in the crude nitre, makes 
o-i ton. To vaporise this 

'■ o-i X 2240 X 537 - 120,000 C.H.U. are required. 


I. (e) Heat of dissociation of nitric acid. 

.Assuming that 6 per cent, of the total nitric acid dissociates thus ; 

4HNO8 4NO8 -b Oa + zHgO, 

from the heats of fonnation of the various substances, viz., HNO.,,*34-4; 
NOj. 8-3; and 11 ./.) (gas), 57 Cal. per gram molecule, the thermal 
balance is 

(2 X 57 - 4 X 8-3 - 4 X 34’4) = - 56 Cal. 

or to decompose 252 lb. of nitric acid, 56,000 C.H.U. are required. 

H the yield of HNO3 is 94 per cent., then for i ton net recovered, 

~ 0-064 toil of IINO3 may be supposed to decompose as above, 

and the heat absorbed will be 

o;o64i< 2 ^ x_ 56 ,w ^ (. J, y 

^252 

Ttwill'be noted that the 0-064 ton of nitric acid in decompesing 
produces ,0-009 ton of water vapour. Obviously this must not be 
included in calculating the heat of cvaiiorqlion in I. (d); but, on the 
other hand; it must be allowed for in calculating the sensib’e and latent 
heat of the liases leaviuK the retort. 
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((fj Heat require^ to raise the temperature 0} me mtre catie from the 
• • to t/^- finat temperature 0/reaction. 

• Referring back VI.» a) the liieoretical weight of-hitre cake per 
net ton of nitnc acid produced is ^ 

612 


TOO 

’94 


=( 


, . 120 , 375 71 \ 

98? T3 + 987 ^-7 tons. 


\. ucn to be no reliable data for the specific h’eat of 

i\e.Ml3U4, but i^nidy be estimated from the following values ; — * 

• .Naa'ciO^, 0^230; KgSO^, 0-193; and KTISO4. 0-24.^ 
ai)out'^-29’ sjiecific heat of NaIIS04 would appear to*be 

. \'73 tons‘ of nitre cake with an a\.-rage specific heat of 
0-2^, the heat required to raise its temperature from 130" to .'820° C. is* 

1-73 X 2^40 X 0-28 X 90 = 98,700 C.H.U. 

• ♦ 
II, Heat ^absorbed in raisiuf' the temperature of retort and setting betwem 
• charging and discharging. , * 

lo estimate this the heat cajiacity of th^retort amrits’ setting 
togetho with the average temjierature range of each, wduld be needed 
•expressed relativelyno tlic output fif nitric acid per charge. * 

No data are av'^ay^ble. 

Heat lost by radiation coiidiiction through hrickicorf^S'C. 

Actual radiation could be most readily fleterqiineTl ty a suitable 
Iwrni of thermopile, but air convection, which is probably more important 
would be more difficult to measure. A rough calculation could be made 
troin nlie thickne.ss and thermal conductivity of the brickwork, }>rovided 
th* temperature gradient were known, but exposed portiohs of the 
retort would be more difficult to deal with. 

0 

IV. Heal carried auay by flue gases. 

To deal with this and the following items it is convenient to comlfine 
the figures for the coal consumed in actual practice per ton of nitric 
• aerti with the juialy.scs oi the producer and flue gases. At the time of 
the trial, the usual practice was 0-230 ton of coal per ton c^f HNO, 
prodWeed, whilst the following figures give' the composition of the gases*:— 
Producer gas. Flue gas. 


Per cent. 


CO 

» 21-0 

1 

0 


9-6 

H-P - 

C:h4 

1-8 

O2 + N*, 

tCOj 

7-0 

Na- 

6o*6 



Per cent. 
1-2 


100-0 


ItX)-< 


Ke-calculated td agree with percentage of CO,. 
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Heat vSilue per cubic foot = iii-4 B.T.U. or bi-g C.H.U. 

It is of interest to compare the compoMtion of an ideal flue gas, 
produced by combustion with the theoretical-amount of air, with that 
of the actual flue gas. 


100 vots. of producer gas - 

Air for each' constituent 


Per cubic foot. 

• , » 
Per vol. present. 

CO 21-0 

2-4 

50:4 

H, 9 -f) 

2-4 

23-0 

CH« r-8 

9-6 

17-3 

CO, 7-0 



. N, 6o-6 

— 

— : 4. 



From the composition of the gases and recorded values of specifij 
heat and de/isity the following figures arc readily obtained ;— 

I gram/litre = 0’o624 Ib./cubic feet. 


Den*ity Ib./cu. ft. 
Specific hcai o'’-2(h)" 



Taking 135,000 cubic feet of producer gas per ton of coal and , 
0-230 ton of coal pc” ton of HNO3, one ton' of nitric acid requir-itL 
31,100 cubic feet of producer gas, which, with the ideal amount of air, 
should give 54,300 cubic feet of flue gas containing 17-0 per cent, of 
COa- .The actud'flue gas, however, contains only 4-2 pei cent, of CO,, 

_ sp that its volune must bt 220,000 cubic feet.. That is to say. three- * 
‘ quarters® pf the actual flue gas is eiidess air—a very poor result for ga^ys 
fuel. . 
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18 200° above Atmospheric, 

the heat catriea an with ioe^l combustion would be * 

54.300 X 0-0^3 X 0-2S X 200 225,000 C.rf.U. 

whilst in practice it is 

220,000 x^ o8i X 0-24 X 200 « 55 ,ooo C.H.U. 

namely a pattierily avoidable loss of 630,000 C.H.U. 

* • , • 

B.—Heat supplied. • 


I. Sensible heat in the producer f>as. 

The temperature «f thc^ incoming producer gi's is given as about 
3 ®®, ^^oove atmospheric. The heat brought in is therefore * 

31,100 >; -074 X 0-24 X 300 -- 166,000 C.H.U. 


• IT. Heat of combustion of producer gas. 

This is 31,100 X 62 - 1,930,000 C.H.U. 


Summary pf heat balance of retort and seating. 

So far as the a*^ailable data i>cnnil, the heat balance may be shown 
as follows:— 


* , ( h. -Heat absorbed. 

I. Absorbed by cumcnis of retort. 

(a) Hy the main reaction 

(b) In raising temperature of raw 
materials to average temperature of reaction 

(c) Separation of water from the sul- 

fihuric acid - - - . _ 

(d) Evaporation of water in the nitre 

and suljihuric acid - - - . 

(e) Dissociation of portion of the nitric. 

acid 

(/) Raising the temperature of the 
nitre cake from the average to the linal 
temperature ' - - - - 


lI.^Heat ab.sorbed in raising the temperature of 
retort and setting between charging and 
’ discharging- , -• . , _ 

• 4 

Ill. Heat lost^ by radiation conduction through 
. , , brickwork,*&c. - _ . . 


C.H.U. C.H.U. 
303 *oa'r 

251,000 

75,000 ' 

120,000 

32,000 

102,000 

- • 885,000 


IV. Heat catyied aipay by flue gdses 
^ Batanee to be accounted for 


^ 55.000 

356,000 


•Total 


2,096,000 
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B .—Heat supplied. 

• C.II.U. 

1 . Sensible heat in the producer gas ■ . - 166,000 

I 

II. Heat of combustion of pfoducer'gas - - - , 1,930,000 


Total - - 2,096,000 

Reverting to the alternative method of treating ..he heat alls,orbed 
by the contents of the retort, mentioned on pages i and 2* of these no<.es, 
the items A I. {aa) and A I. {bb) should be considered. 

A I. {aa) Sensible heat in the discharged nitre cake. , 

, ■ Given 1-73 tons of nitre cake with specific heat 0-28 af 220® C. 

(say, 216® above atmosjiheric temperature) the sensible heat per.'ton 
net of HNOj, is 

1-73 X 2240 X 0-2.S X 210 - 228,000 C.H.U. 

A.I. ipb) Sensible and latent heal in vapours leaving retort. , 

. , , V C.H.U. 

Take thq value for the nitric acid vapour - - -< 355,000 

and for the accompanying steam - - ' - - 196,000' 

In addition the 6 • 064 ton of nitric acid which is decom^posed ' 

A I. {e)) will yield 0-055 ton of NOg and Og, the sensib'c 
heat in whh’' w’U be 

' 0-055 X '2240 X 0-24 X 210 or about - - 6.000. 

The total amount under this head is therefore - - 557 000 

which represents roughly the amount of heat which must be absorber^ 
by the coiidensers per ton net of UNO, recovered. 

. ‘ Remarks. 

' « The producer gas was of iioor quality. The percentage of COj in 
the flue gas being only 4-2 indicates that far too much air was being 
used. As shown liefore, with ideal combustion 100 volumes of producer 
gas would require only 90-7 volumes of air, yielding a flqc gas with 
17 per cent, of COj. Since only 4-2 per cent, of CO^ was presents the 
volume oi flue gas per 100 volumes of jiroducer gas must have been 
709 volumes, of which 534 volumes were excess air. 'ITie total airmsed 
was therefore 624 I'olumes instead of 90-7 volumes, or about seven 
times as much as W'as ideally ne'cessary. lienee'the excessive loss of 
heat in the flbe {Jas. » . • « , - • 

In considering the thennal conductivity of the walls'of a cotidenser, 
note should be taken of the adhering lajer of jxrorly conducting liquid. 
This Isiyer will tend to be thinner the steeper the fgll in the condenser 
tujjes. ^ ' 1 .. ^ 

In comparing the Hart coqderfser with the spiral silica conden^, 
it is possible that for equal surface a spiral is more Efficient than a straight 
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tuHei ^ce the coiltinual change, in direction of flow may-perf:ted 

to bring about a Better,circulation of. the vapours in the tybe. 


I!h%niial efikieacy of ,(^densiiig plant: Comparison of Hart and ailica letBi 

At Oldbury^ the sflica sets comprised two 5 inch off lakes supplying 
fQur sflica ccJHs (2*inch diameter). • 

•At Queen's Ferr^- One 8 inch off take branches into ^two 6 inch 
pipes and*^ch pipe supplies 26 (i j inch) glass tubes. 



Offtake. 

Condensers. 

Silica sets 

- 50 k 

4 X (2)* k = i6|,A: 

Hart sets 

■ 64 k 

2 X (6)* A: leading to 

• 

52 X (ij)* k - ih k. 


W'here A: is a commop constant. 

Stltca set IS throttled down from 50 to lO. 

Hart set opens out from 64 to 81. 


Efficiency of Hart condensers— Queen’s Ferry. 

Each retort is fitted with 78 glass tuljes, each bjeet^ indies in 
dength, and if inch average external diameter. Total cooling surface, 
— 78 X 6-58 X 3-1411* X 0-115 — wpiare feet. 1-O5 tons of HNO, 
as vapour, carrying 0-138 ton water vapour for each ton HNOj, requires 
il-bff X 557.000) C.H.U. to be abstracted from it in order, tfl obtaih 
liefuid at 15“ C. in eight hours. 

Heat to be taken up in condensers 

= V”** 32 (MI.U. per second. 

8 X 60 X 60 ^ 


— ^ = 0-172 C.H.U. per square foot of cooling surface per second. 

^ ^ 0-0839 cal. per cm.* per second. 

• • 9^9 

Thickness of tubes = 1-16 inch -- 0■ 159 cm. 

Conductivity of glass (soda flint glass) = 0-00143 cal./sec./i' C./cm.*. 

‘ Heat which will* pass through tu*bt!S at unit temperature gradient 

— 0*0090 cal. per square cm. per second. 

Heat reduiredtto pass for effective working — 0-0839 cal. per cm.* 

• • . p#r second, 

0-0839 ,, 

Hence temperaftufe gradient required — -7^^ — 9-3 
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Efficiency of silica condensers, Oldbury. 

Each retojct is fitted with four silica coil^j f- inches mtemal diametey, 
5/32 inches thick, diameter of coil 2 feet 6 inches, j\ turns. Condensing 

surface (external) = 4 X 2-5 X 3 -i 4 x x^ 3 -i 4 )_x 7:5 

^ = 143 sq. ft. 

Ass’ime working as at Queen's Ferry 

Then heat taken up - 32 C.H.U. per secend, 

\ 

0-224 f'-H.U. per sq. ft. per sec. 


143 


0-224 X 45 t •. 

929 ' ~ 0-109 cal. per sq. cm. per sec. 


Con 4 uctivity of silica (quartz) = 0-016 cal. ser. 1" C. cm.‘^ 
Heat which will pass through coils 
(5/32 inches ^ -397 cm.) at unit 

temperature gradient =- o• 0403 caJ- P«r sec. ])er cm.* 

Heat requm>d to pass - 0-109 cal. ])ec sec. per cni.* 
Temperature ^adient = 2-7 C. 


The fo'u.; silica coils have a cooling suiface of 143 square feet. 

The Hart set has a cooling surface of 186 sejuare feet. 

Owing to the greater conductivity of the silica the 1emp«irature 
gradient is only 2-7 compared with 9-3 for the glass tubes in' the 
Hart set. • 


Cracking of retorts and stij.i.s 

A'c one time considerable trouble was caused by cracking of many 
of the retorts. The plants were being worked vc-ry intensively and the 
cracking was considered to be due in many cases to bad firing. 

As first erected, the bottom of the retort rested on a small brick 
slab directly on top of a narrow fire lu'ch. Afterwards the fire arch vias 
lowered .and broadened so that the flame did not strike tht bottom of 
the -retort directly, but was deflected and spread by the arch, also svhfcti 
the fire was jmt out the retort cooled (juicker as i{ w'as not kei)t so hot 
by being in direct contact with the fire arch. This arnmgement h'dped 
to prevent cracking. , , 

No definite ‘;:onclufions could be drawn as to-the composition ofctfie 
cast iron having anything to do with liability to cr'acking. Moire 
importance should probably be given to the foundry practice ^/hen 
castinf^ the retorts.*- 

It was ojlten possible to prolong the life of a cracked retorjt b}? tappmg 
'holes vovuid the crack and screwin^-on a cast iron patch making a jbint 
between tike patch and retort with ru%t and sal anlmdniac. ■ 
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. .itte lollowng .figui^es from the records’bf one factd^v give an 
indication oi the werage li^e^of a retort or stiU ^ ^ “ 

havc^flilld.^ a^era^e numbei; of charges of stiUs anfl retorts which 

(2) *^6 average maximum number of charges of a similar 
?^kdr which up to the present have not 

'thesii^^er^s^^' 

i3asii;g. the estimate of the average life of a still or a report on the 
above assumptions, we find the following :— 

StiUs* 


•Average No. of charges of six stills which have 
failed - , - 

Average No. of charges of si.\ stills which :he still 
ogprating and have not shown signs of failui e 
Mean average of the above which should repre¬ 
sent the average life of a nitric acid still. (Kacli 
cJiarge being 7 tons of mixed acid) - ^ 


270 chaiges each. 

« 

365 charges eaqb. 


- J17 charges.^ 


Retorts. ^ 

Average Ng. of Charges of iz retorts which have 
faile(^ . - 

Average No. of charges of 12 retorts which have 
not failed and are still being operated ■ 

lean average of the above which should repre¬ 
sent the average life of a retort, (liach charge 
containing 3 tons of nitre) 

A large Americim factory reported that while 400 cimrges might 
be taken as the average life of a retort, individual retorts had stood 
800-1,000 charges. • , 

At another factory (not American) with an installation of 75 retewts 
one retort has been in use over ii years and 3^^ ^iro over 10 years old. 

, Skilled tiring and not too intensive working combined with good 
construction of the combustion chamber have much to do with the long 
Ji|e 43 f^ retorts. * 


175 charges cagk. 
355 cnarges each. 

265 chaig^s. 
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SECnON 2 

i, _ 

NITRIC ACID STILLS FOB DISTILLATION ON SPENT ACID .FROM THE 

< MANUFACTURE OF NITBOCOTTON 

, Discontinuous uistiu.atic,n 

Oeoenl oufline.—The spent acid is ran into a cast-ir6n still healed 
with a gas fire, and the nitric acid in the spent '^cid distilled over ..into 
a condensing system. The residual sulphuric acia in the still is removed 
to the concentration plant. 

The plant used for this purpose is similar to that just descriljed for 
making nitric acid. 'I'he chief difference being in the still wliich has no 
opening at the bottom (Fig. 39 ). *. 

Whe;i using the distillation process for denitr?ting spent acid, it is 
.'essential that the comjjosition of the acid clmrged to the stills be such 
that the residual acid after all the nitric is driven off contain not less 
than 73 per cent, of H.^S04, otherwise the nitric acid will be too weak. 

Coilsequently it i{4 often necessary to add a suitable quantity of 
strong sulphuiic acid to the spent acid to ensure a sufficiently strong 
sulphuric add being left in the stills, which will keep the greater part 
of the water fiom,being driven over with the nitri?. acid. 

** • ^ 

, Description ol plant.—Spent acid storage consists*of fight 30 ft. 
X' 9 ft. mdd steel cylindrical boiler tanks, built upon 'brick piers, 
above the level’ of Uic stills in the houst;, so that all charging of stifls 
with acid is by gravitation. The Innlcrs are inclined so that one end' 
is 2 inches lower than the other, to allow sludge to fall towardr the 
‘Sludge'•outlet. At the ojiposite end, and on the floor of the boiler, is 
the acid'outlet, into which fits a cone plug controlled by a lever im’d 
chail. TlTe run-off is supplied with a (,)uin:in valve, and is conncxtwl 
to a 3 inch mild steel acid main. I^ach boiler is fitted with a gauge 
glass,' and is capable of holding 89 tons of s])ent acid of specific gravity 
I*680. On the top of the boiler is a man-hole, surnjunded with a tripod 
supporting a dipping rod. At a depth of 6 feet 6 inches an overflow 
pipe runs common to all the boilers, and similarjy a common 3 inch, 
main is fitted at the bottom through which each boiler can be^ emptied. 
The 3 i'nch connecting main feeds a main of the same diameter, v hjch 
runs the* whole length of the still house. From this latter each still 
is charged. , 

There are 30 stills in the house, arranged in batteries of three. 
Each still consists ol a cast-irbn cylindrical vessel with a spherical 
bottom. The body is fl inches thick and the bottom 3 inches thick 

. "Ft. in.*, 

Total depth of still - , - - - 7 0 

Diameter ol still - - - - , - ':6 9 

I Width 6f lid - - - - 3 4, 

■\\'idth of man-lid , * ‘ - - * - 1 8 

Each stfll is completely enclosed In ^ brick setting. • 
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. ' jlie aome pover has a flattened top, and is fixed to me pox oy means 

(rf a'rust jt)int. «Thc Iid is^)olted on^to the top of the dome cover, *Thc 
Im IS recessed to a <iepth zl irt^hcs and 12 inches di^Rneter round a 
circular hole 8 inches in diameter. »Into this 8 inch hole is-fixed the 
still yead. The man-hd is perforated with a hole 3] inches in diameter, 
through whi(m passes.a 7 foot dip pipe reaching to the bottom ol tlie 
still, and alsp vnth a ^ inch liole in which an air pipe is fixed. 

«. The still faljcs a charge of 7 tons of spent acid, and when in 
coq^tinuous-usii the nftric acid can be distilled off in nine hours. The 
complete cycle from .Aarting one charging to starting the ni^t charging 
IS 12 hours,* so that two charges ■j)er day of 24 hours can be put through. 

j '*sed for firing in a similar manner to the retorts, 

and me Uenting of the still can be controlled within very fine limits. 

*The charging and blowing pipe is of lead, 2J inches in interna^ 
diametfer, and conveys the spent acid fi’om the charging main to the 
still, and also delivers the residual acid, at the imd of the distillatioii, 
into the knnder leading to storage of wt',ak siilijliuric acid. * 

The connection between this pipe and tiie 3 inch feed main containing 
spent acid consists of a inch lea<l “ U ” bend, with tw'(4pkfg cocks 
situatecl in front of the latter. The chargiiig and blowing pipe is 
, supported on channel iron, an<l is continned out of thejiouse to the 
launder mentioned a^ovc. Hetweeii (hi; launder end of the charging 
and blovwng pine arid the inlet from the “ U " biuiiT^ placed a 3 inch 
^jug valve,*^ucli is always closed during distillation and charging. ^ 
The other end of the charging and blowing jnpe is IjoJteiJrto a sW!m- 
^«eck connection of the. " dij) ” ])ijje in the still. ^ • 

Ihe dip pipe is made of cast-iron or silicon-iron* The latter, though* 
moih costly in initial outlay, is finally cheai)er than cast-iron, because of 
jts nTuch longer life. A cast-iron di])-pipe very easily chokts with 
suTphate, and corrodes rapidly. * 

Length of pi])c - - - - 7 feet 

Internal diameter - - - 12 inches. 

I^xternal diameter - . - 3‘inches. 

'I'he still is charged through this j)ij)e, and the contents at the end of 
distillation are discharged through it into an open semi-circular leaii 
launder, su^iended in water contained in a wooden trough, which convi'ys 
lljev^acid to the weak suljfimric acid storage tanks which if reaches 
with a temperature of 70°-8o' ('. 


Condensing system. The still head is a two-way piece with an 
internal diameter of Swindle# and made of silicon-iron. "It is fixed to the 
SJjjch opening in the lid of the still with cast-iron cidlar plates bolted 
down a^ its base? The vajwurs pass uj) into the stili head, and are 
shunted throufjli the bend into the uptake, fhe short vertical extension 
of the still hpad is used for dipping, and to allow the fixing in of the 
sealing plug when *1110 contents of the still are reaefy for discharge at 
th^endof file distillatidn. 

• TJie sealjng plug*i# ^ flat disc maOeot cast iron. It has ap elSvated 
dm on its circumference, which fits into a groove running*rflund inside 
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the bottomiof the still head. The object of this* disc is to seal completely 
the •vapour outlet from the pot, in order to allow the residual acid 'to be 
blown out of Jhe still by means of cpmprei/ed air. Ihe acid is blovyn 
back through the dip pipe into thte launder. The compressed air is 
allowed to enter the still through a small | inch pipe screwed into the 
man*lid. The sui)ply of air to the stills is brought fro/n a comm6n air 
main, running the whole length of the house, tlu'ouglj individual i inch 
pipes.* The pressure of air in the common main is kept^kt io,lb. per 
square inch, being reduced to this from 8o lb. per squpe inch in the 
main line. * ' . * 

Tlie ifptake is connected with Hart condensers and, ^.bsorption 
lowers in the same way as in nitric acid manufacture from nitre. 


. Operation of the plant.— The spent acid to be distilled has an 
'average .sp. gr.of i -OSo at 15° C., and is of a pale straw colour, givqs off 
nitric acid va])our on exposure to air, and contain,s a slight ambunt of 
ifludge whicli is cliicHy ferric sulphate. Its kverage composition .by 
lyeight is- 

• Per cent. 


‘•HNO., - 

• • H.,so; - 

• H ,0 


- 20-3 
- 6o;9 . 

- , - i8-8 


Its action up.'w. mild steel, lead, or cast iron at* ordinary temjjeraturcs 
is not excessii'c, and it can be stored in boiler tanks of mild steel with 
sftk'ty. , . ' * . * 

The sto'va{^‘ of the spent acid is at such a height that all stills ca^ 

' be charged by gravitation. The storage boilers are sludged periodically,' 
and kept well ])ainlcd. All valves, both inlet juid outlet, are ke])t,well 
fU-cased and turned at least once every day. 'I'he staging and. steps 
around the storage boilers are well painted, and also well illuKiinated 
lor diupin.g^&c., during the night. 

A giuigway runs across from the charging ])iatfonn of the house, 
and'ill the event oi valve trouble, ike., speedy communication is possiblk. 

. , h'rom tlu^ dimensions of the pot the tonnage or ca.pacity is found, 

and on this ])lant a charge of ^ feet q inches of spent acid is a])proximatcly 
seven Ions by weight. The charging valve is o])ened, and the acid runs 
in witli a lorce dci)endent upon tlie head. 'I'wenty niinutes^ may be 
taken aji the. average time required to run in a charge. 1 he p*ot Is dippe(J 
at intervals with a co])])er nxl, having a ring marked at a point'4 feet 
q inches from its bottom end. The rods are checked in measurement 
once \-verv wi-ek. 

Iron "rods have been tried, but overch'arging# frequently occurs by 
reason of “ sweju'ing ” on the surface; when the rod isjmt into the 
which gives a \'ery indistinct mark. Of late, 'an elettlical charging 
ap])liance has b(;e.n used, which measures tlie charge with a ■'* dry ” 
dij) and rings an alarm bell when the still is fully charged. ■ 

\Vhen the enlarge has l^een nm in, the still .is skiled uji at the still 
•head jn feadiness for distillation. .Two stills can be charged at the same 
fime, but \hen the charging tim6 is lengthened from io to 30 minutes. 
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complete, the fire is put out and theVover from 

prepared, -sind 

nJ^^iTiW tli hi position by means o^a screw clamp. 

^,frh ftcfcssary.to provide it witli a suitable 

winch will withstand the tcmiicraturc and the acid fume, and 
it has been found that, blue asbestos cord is the best for this. One i?iccc 
if properly h^^dfod, is sufficient for 20 or more blows. When the plue 
iVtuSd ^S^ connected up to the still and coinpVssed 

u pressure ised is 10 to 11 lb. per square inch, and, the supply 

shcmld be perfectly free and steady. The dip jiipe should be clear of 
empties, the rate of dischargt; of tlu; residual acid 
diminishfjs*somewhat, due to increased lift as the acid level in the jDOt 
lowgrs. , 

. b® pnt on when the still is half chargt'd, and a good 

brisk fire kept on until instillation coiiiineiu'c^i#, which is, on the averagti 
2^ hour^ afterwards. The fire is lessened somewhat when ilistillaticyi 
, has commenct;d, but every care should l)% taken to avoid decrease* of 
temperature. It will often be necessary to increase the fire tovTards the 
end of Jhe distillation rather than to reduce ft. With'iut good firing 
»good results cannot Jie obtained, an<l it is necessary to givedhe fire "every 
care, especially so wiUi a view of getting good fractionation. A slow 
jnactive'ffire gi^’es very unsatisfac.tory (listillate. "l^m'ge (juantities of 
nitrous acidsiire formed, and the distillation becomes unduly lengthened. 

^ Vapours begin to pass over at go ' C., containing muA qi^he nitrous 
acid contained in the si)ent acid. At 1.55 ('. a good distillate is obtained, • 
and,it is at this point that most of the IINO^ is obtained. Tlie tempera¬ 
ture of the vapours passing up tJirougli the u])take gradually iiy,-,reases^ 
in^l the HNU)., conUmt gnidually decreases until, at a tc'in'pvrature of 
( ., the distillation is (imiplete. This ])oint, however, not 
determined by temperature, but by taking tlie gravity of the distfllate. 
W'hcn the gravity of the distillate has fallen to 1-300 the distillation 
is complete. 

At jnesent the whole of the distillate from :i charge is run into the 
san^e receiver, and. the resultant is an acid of average sfrength of, 
89- 5 per cent. HNO^. Ivach 7 ton charge of sixnit acid gi\-es api>roximatelv* 
4;.t<opofto(X,. 


The control of the condensers is an iin])orlant item, and care is 
especially required in the water feed. Spent acid from cotton nitrations 
contains an appreciable amount of nitrous acid. It is therefore •more 
economical to condense HI^O., only the condensers, and allow the 
niffbus acid ty pass tjr^to the al)sor])tion system. • riiisf-au l)o controlled 
00 tli€t'condensers only, and is of mucli importanii-. To carry out 
successfully the elimination of nitrems acid l(» the maximum, it is necessaty 
to run the condensers as hot as possible, consistent witlf efficient condensa¬ 
tion of the nitric acid tliroughout the wholt» distillation. i\jon^w’ater ,is 
Kequired on the condtnsers in the mftddle of the distillation than at the’ 
]}eginn*ing or \he epd. 
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All gravities of tlie distillates are taken on the still-watdh^r', or 
gravity platform, which runs directly underneath the cwridenSer platform. 
The gravity-man ’’ informs the fii'eman''"v^en a still has finished. 
Preparations are then made .to “ bh'w ” the still and clean the gas valve. 

,/Vs soon as a receiver is filled, a sample is drawn for analysis, but 
it is essential that the contents of the receiver be wfcll agitated with ' 
compressed air before being sampled. This serves a Uqpbh purjgose, in 
that it,removes a little nitrous acid and mixes the.contents. 'Before 
emptying a receiver the gravity is taken. ; 

Owin^ to the much greater amount of oxidisable nitrogen com¬ 
pounds entering the stills absorbers, as compared with those of the 
retorts, a somewhat different method of control is required. The Pohle 
air* lift works much faster, and ensuing oxidation reactions is more 
intense, 'and the yield of IINO3 considerably greater. The gases enter 
during thp summer months with an average tempc' ature of 30° C., and, 
by the time they have reached the third tower in the set, the temperature 
has risen to an average of 50 ’ C. The make of acid in the towers runs 
between 9 per cent, and 10 per cent, of the total HNOa'made, and it, 
contains' oit the average o’ i per cent, of nitrons acid. 

Working cesults during one month. 

Stills charge<i 1,321. 

Average number of stills working, 22. 

Spent acid used — 0040-3 tons at 20- r per cent. HNU, 
— 1836-8 tons HNtfj 

Plant losa. 

Nitric acid charged - 1836-8. 

Nitric acid recovered -- 1788-4. 

,, , Recovery - 97-4 per cent. 

*' Strong nitric acid produced — 1784- r tons at 90-0 per cent. HNO3 

, < Weak nitric acid produced 351-8 tons at 52-1 per cent. IINO3 
Str ong nitric as IINO3 ■ - 1605-7 tons. 

Weak nitric as HNO3 = 183-0. 


Hours of distillation, 6 hours 30 minutes. 

To^al cycle, 10 hours 40 minutes. 

I- 

Labour requirements. 

For complete running of 26 stills, allowing four out of commission 
for repair, the following are necessary :— 

' 'oreman 
barge hand 

6 male operatives .. 

' 2 burner men J' 

I r - ... 

l*or'maintenance of pottery, .four men on day work. In addition, 
plumbtirs,Vi tiers, and joiners, &c. are ^required a't mteryals.' 







63 


STILL PKACTICE * 

# • 

• — 

Continuous distillation 

Some trials* may b(^*recor^efl of a continous^ distilling or 
dephlegmating colum*!! which were stopped owing to the Armistice 
before the best working conditions wert* ascertained or conclusive results 
obtaiiSed. They ^iromiscd well and should be worth following up. •The 

• cast-iron colufnn is vefy small and inexpensive for the work performed, 

and cag be (UticklJ' and readily replaced when necessary. • 

• A, small conth.uous distilling or dephlegmating column was •erected 
and* tried at ^ucon’fj Ferry, but the expedience in working it was 
too limited ^to allow (lelinite conclusions being drawn as to "its ad\'an- 
tages or disadvantages in comparison with the ordinary still working 
continuously. 

• * ^ • 

J>escription of plant.—The original dephlegmating column, of which a* 

diagraui is shown (b'ig. 30), consists of a cast-iron column 8 met high 
X 14 inches inner cTiarneter, on top of whii^i arc lilted twft ])otter5^ , 
sections, each indues internal diameter x 2 feet high. It was 
nefessarjT at ihe very outset, to replace Uiese by siliion-iron sections, 
"owing to the cracking of the ])ottcry. • •" 

The column was packed with carefully grimed quart/, the pasking 
resting An*a cast-iron perforati'd plate*. Ihis corroded v^ry speedily, 
fiowevcr, and was reph^ced by a grid of acid proof pottt'ry rings. 

Healing w'as supplied by an oblong coke conUfUstion chamber, 
from which* tbc liot gases wore led to a brick chamber 2 feet 3 inchgs 
sffuare and 7 feet 7 inches high, surrounding the cast-irjjni c«lumn, flie 
*aste gases being h'd away to the main Hue by a i<) inch dkuri 'ter mild , 
steel ])ipe. 

*rhc carthernvare covi'r to the* column was jmivich-d with a 4 inch 
<iff-take foi the nitric acid vapours and two i inch holes, one brtng foi* 
thP spoilt acid feed and tin* other for manometer and thermometer. 

A 2-g inch outkit from the base f)f the cast-iron columif deliii rAl, 
through a silicon iron seal-pi])e into a circular acid cooler, simijar to 
those at the TNT acid denitrating plant,* one cooler being pnntded 
to each pair ot columns. Ihe coolers deliver into a k'ad launder and* 

* thence by gravity into either of two storage taiiks, from which the acid is 

• • puijiped t<) the battery of leatl denitrated acid tanks foi acid from th^^ 

still. . , , , 

• • ai'id is fed into the top of the column through a pottery 

• feed box delivering info a t inch lead luted feed bo.x. I lie clktribution 
of th« acid in the column is an important point, as it is essential to 
counteract any tendency for the acid to flow merely ilown the aentre 

. of the packing. • • * • . . , . . .1 x 

*^Tlie nitric acUl vapours are led through ^10*4 ittclf diameter outlet 
to silica* coils*u\ exactly the same wav as de.scribed in the case of the 
stills! ’ ^ ^ ^ 

. « plai*.—As far as the limited numb*er of experiments 

. made seemetl to poii>t out, the cajinpity of a single coiumn wts m the* 

» . _ . . . - 

* See No. I Kcjvnl of tins senes. 
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neighbourhood of about 5 tons of spent acid per day. Tliis ‘was 
increased to 7 tons per day, and g. consid^rfible savihg *bf ‘filel effected, 
by lagging tlic whole exterior of tljd fuma€e and the flue surrounding 
the cast-iron columns. • , 

^Thc fuel consumption was abnormally high. The tem^erati^re of 
the gaSes in the off-takes from the flue surrountling the Qjlumn had to 
be a^high as 400"’ C. to ensure thorough denitration. 'I'tiis represents 
very considerable waste of heat, which might be rcdupe& to som^ extent 
by extending the length of the column or, at any rate, the length exposed 
to the heading effect of the gases. ’ ‘ 

Comparison of stills and dephlegmators.--The working of the stills and 
dephlegmators is compared in the following table :• — 

t _ __ _ _ _ _ ______ 

( 

DcphlcgniatcK’. 

- Still. . • .... 

4 

’ I.af;ged. TJnl.-igged. 

* 1 *' 

• • ^ \ Tons. I Tons. ^ Ton.s. 

1. CaiKicitv tier day for completp deni¬ 

tration . Q-io '7 4-5 

2. Strength of deniis>.lcd acid, (ii-o; ' , 

18-5:19-5 and spent ar.id - - H^SOi HjSO# ^ H,S()j , 

, 77 -.‘; jK-r cent. 75-76 |>er cenii 75-76 per ce,'il. 

3. Strength hf st{j>ng nitric acid : 

HNOj - • - - - - - ,Si) per cent. 90 per cent. <)0 pier c-ent.i 

HNO, I 1-7 pier cent. 2 pfK-rceid. 2 3 per cent. 

.p. Fuel consumption jier ton HXO;, ; , 

recf^vered.i 0-22 ton coal . 0-75 ton coke 1-4 toijs coke 

_ • _J. -... ! . i ... . 

serials'were also carried out at tiretna with a continuous distilling 
column similar to the one used at Queen’s Ferry. ^ 

he column was 12 feet in height, inches diameter, and was packed 
•with graded quartz. The top 4 feet of the column was of silicon-iron, 
and the fume outlet was increased to 8 inches in diameter. 

The results obtained were very promising. 

When treating nitrocotton spent acid, a stronger djstillate and 
weaker Vesidual acid were obtained than from the ordinary still. , / .« 

* About 12 tons of spent acid could be treated per day per column. 

No reliable fuel consumption figures were olitaincd. r 

Experience showed that the most suitable tcmjieraturc was loof C., 
and, when working under this# condition', the • followinir acids were 
obtained :— * 
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^Residual acid. 

Sp«(jfic gravity, i • 700. 

Nitrogen aci< 4 s *> - o, . . . Ttacc 

HjSOj - - - - - 76-00 j)or rent. 

This temperature appeared to be the most suitable lor the «oli?rnn. 

• Trials made *at higher temperatures produced a weaker condensate 
and a strongiSr residual acid. • 

• When Jistillatiion was attempted at a lower tenqieiature tht', ai id 
issding from th^base of the tower containetl <iuantities of nitric acid. 

Throii^iout the whole of the experiments difficulty was dkperienced 
with sludge. The base of the column required ck'aring about once 
every»24 hqurs, but stegs were taken to overcome tl.i j by modifying the 
base of iHe column. 
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SECTION 3 


DESfiRIPTION OF PLANT AND PROCESS FOR WASHINO NITRE ^RAOS 

r 

General oatlme. —This plant was designod for tfie purpose of treating 
bags 'in which nitre had been brought into the factory wiili the object 
on the one. hand of yielding dry bags as free as possible fron) nitre, aiid, 
on the other hand, of recovering as much as possible of the nitre removed 
from the bags in a fonn suitable for the manufacture of nitric arid. 

The following is a description of a typical bag-washing plant, as 
first designed. lCx])ericnct‘ proved later that various modific.xtions 
might be made which not only gave better results but also simplified 
the process. 

Dirty nitre bags are first lirushed to remove* all loose nitrate. They 
.ire then boih'd nji in uiss(.)Iving tanks, 'i'lie liquor obtained when 
nifficicntly concentrated is lifted by means of two blow eggs to a w'cak 
liquor .^ank from which it is run through an evajiorator to a crystallising 
tank. The bags arc jiassed through four rinsing tanks, wrung in centri¬ 
fugals, dried On stcam-lieat(*d driers, and finally sorted out according 
to quality. 

Description fhe plant (Fig. 31), which was designed with 

a view to the treatment of 5,000 bags jier day, consists of th.ee separate 
bKck builflings, viz., the dirty bag store, the washing plant (which ni:iy 
be looked upoii as the main building), and the clean bag store. 

Dirty bag store, ’fhis is situated near the end of the washing plant, 
where the boilers an; })laced. The buildings stand on a platform, aoout 
3 feet'o inches above ground level, which runs mto the main building, 
and on which the boiling tanks stand. 

’'bruckk of bags are brought alongside the ])latfonn on rail, and 
discharge direct into the store. The bags are turned inside out and 
brushed and the loose nitre sifted to separate string. This nitre is then 
‘bagged and returned to the nitre store. The brushed bags are taken 
in trolleys to the washing plant, 'frollcy rails lead from the bag store 
into the main building to the. back of the boiler tanks. Originally the 
bags were brushed by hand, but a mechanical brusher has s’nce been 
installed This has proved lioth cheaper and more efficient than uand 
brushing.*- 

The capacity of the store is about 15,000 bags. 

Washing plant.-- -The washing plant in the majii" Jiuilding consists of 

1. Boiling tanks. 

2. Troughs. 

3. Centrifugal extractors. 

4. Driers. 

5. F-ggs, filter pB";sses and reservoirs. 

0. Evaporators. ^ 

7. Crystallising pans. 
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Bohing^ These are three tanks in which the bags are brought 

in cdntact with water corn^ainmg mtue or less nitre in solution, and 
hffhted by the introduction of stoam. The tanks are 'cylindrical in 
shape and, each contains a shect-ir«n grid or basket for the bags, 
perfonated with 2 inch holes and supported 2 inches away fr9m»the 
bottom and sides of the boiler, so that the bags are at all times completely 
surroimded by lij^did. Ihc steam pipe leads to the bottom of the»tank 
and th^ extends ip three lengths across the bottom, so that the heating 
is «venly distributed over the bottom. The cai)acity is 16 cubic feet. 
A pneumajtic ram is fitted above the tanks for pressing the»bags into 
the liquor dnd for expressing contained liquor from the bags after the 
liquor, has been run from the tank. 'I hcre are two bottom outlets in 
each tank* Connecting with the blow eggs for delivering the liquor after 
extraction. . 

Troughs. —'There'*arc, four wooden troughs or vats through which 
the* bags pass in succession after leaving th^ boiling tanks. Each isJ 
ii«feet Stinch x 3 feet 4 inches x 2 feet 3 inches intomal dimen.sion£* 
t The trough f^thest from the boiling tankj? is fed by a fresh-water tap, 
and the w^ater passes back from the tnnigh (No. 4) througll the other 
three to.the boiling tanks in a direction countil' to that (»f the ba^s by 
•means of wooden hminders situated at ope end of and nedr the top of 


each trough. 

. In the.fiijit■’three Troughs a wooaen launoer runs aiuug lur length 
ot the trouf^i on the water exit side, and this is fed fr^’jp bottdfti 
of the trough by a shaft, so that the liquid running from,*sviy, trough.3 
“to trough 2, is drawn from the; bottom of trough 3. Trough i is comiected 
to t.he boiling tanks by an iron pipe from the bottom of the trough with 
three .branches, one to the bottom of each tank. By opening » valve 
m*the branch pijie the liquid from trough J runs into the tahk. Fhe 
level of the liquid in trough i is maintained by keeping up the levpl in 

trough 4 by means of the tap. . a - • 

• As the bags leave the boiling tanks they are placed cm drawing 
boards slightly inclined backwards so tliat any liquid dri])])ing cm th,en' 
runs back to the tanks. Similar draining boards are interposed betweer 
each pair of troughs imd at the end of trough 4. 

(',e»iyiftfguls. -There are two c.entrifngal patent self-balan<:ing bel 
dnven hydro-extractors of pivot ty])e. Ihc bags are placed An these 
.20 at a time, and the greater ])art of the liquid still adhemng x) them 1 
wrung out. They are charged and disc;hargcd from the top by hand 
and the liquor is delivered from the outer casing into a duinp, throng] 
a 2i inch pipe connected to 1;he base oft the casing of the machine. 

* Z>n'crs. -Iljere aro two Ibis independent continuous drying machine 
oi tiavnlling band‘type. The w'hole machine is almut ^et long^ 
10 feet wide, the walls and roof of deal lined on the outside with sh 
zinc. In eacii of tiiese the bags are dipped bottonf "If 

series of .wooden hanger'bars. These bars a^ screwed f/o.th^rc endto 

chains which run op ^rocket wheels‘fitted f ?r ,^aHic 

pnd of‘the drier, the whole having t^e effect of an endless beVt dr lyattic 


m uoaa 
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Evpry fourth bar has a wheet at each end which nfns along, both'going 
and returning on angle irons. Tha shaft 8ji the feed ‘and is' fitted with 
a hand-whccPplaced at one side of«the drier. When a bar has pasiied 
right through the drier aifd begiiis to move upwards to rejtum to the 
front, the clips fall by their own weight and release the bags, whkh fall 
opposite a glass sliding door in the back of the drier, through which 
they\:an be removed. 

Afr is blown into the drier by a belt-driven fan piiced at the bottom 
of and at one side of the drier, and thence through d steam radktor 
placed nedr the back wall of the drier, which is completely hovered by 
iron sheeting having a rectangular o])ening at the bottom perpendicular 
to the length of the drier, through which the hcatal air passes. « As it 
enferges it passes through another uncovered radiator and travds through 
to the feed end in a direction counter to that of the bags. Xwo air- 
circulatiqg fans are arranged above the endless «.hain of hanger bars, 
Mlong the length of the drier, operated by a belt driven from the main 
fa;i shaft. M’ater condensed in the radiators and steam pipes, is blown 
up from steam traps to a re?>ervoir placed on a platform idevaled above 
the^ floor, 'trorn where the hot water can be fed to the various parts of 
the* room asr rtvpiinHl? or overflow to the drain. The- centrifugal 
extractors and drying machines are driven from ?. common line shaft 
by a la b ]). running at 720 r.p.m. aii^ taking 17^ amps, at 

440 volts. ■ , 

process and reservoirs.- There are two cast-iron pr(!ssUre 
eggs. Liquor from, the boiling tanks is nin through funnels fitted with 
a coarse metal mesh into a pipe feeding thiise eggs, and is blown fn.'tii 
them by compressed air through either of tw'o filter iirc'sses up to titlu'v 
of tw(f steel reser\'oirs ])laeed on the same platform as the tank for water 
condensi'd in the driem. 'I'lic tw'o cylindrical eggs of i| inch Cast iron 
a're*of iBe following internal dimensions, length, 3 feet 2I inches; 
diampter, i foot 2I inches. The two ends of tlie eggs arc segments .ol 
splleres, the dejith of each segment being 2| inches. The capacity is about 
3-^8 cubic, feet. They are situated on the ground floor below and in front 
of the boiling tiuiks, and are filled by a 2 inch pipe which runs along 
the front of tlu^ tanks and has funnel-shaped ojx'nings fitted w'ith eqarse 
metal grids under the exits from the tanks. This pipe i;; t^ted with 
two plug cocks, one governing (^ach egg. A 1J inch pijie, al.so fittgd; with 
plug cocks, leaves the eggs at the bottom. Compressed air is introduced 
through I inch pijies with air valves, and each egg is fitted with a. ,1 inch 
exhiust pijic with valve. 

The filter presses, through* cither of which* the scjlution may f)e 
delivered from *thc eggs to the evaporator feed -tanK, fir^^ of the nkad- 
operated type, consisting each of nine “ pyramid ”• cast-iron 'pla,tes. ol 
surface area 2 •75 square feet. Flannel is placed between each pair 
of plates to form' the filter proper. Tfie liquid enters thvough a central 
hole anti leaves’by a narrort central outlet at thb foot of the plates. ^ 

In ofdcr to prevent crystallisation in the pipas', it was fpund n(H:essary 
*to la{f thoroughly the eggs themselves find .the pipes leading from them 
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wiA steaqj-^echverings. For the same reason the filter t)resse5 are 
covered with Setachabk^^mats of* non-conducting material, and the 
reservoirs are also l;fgged. • » 

Therp is a liquor reservoir of lh(* dimcrfsions 3 feet 6 inches X 4 feet 
X J feet 6 inches, with a capacity of 49 cubic feet, which serves as 
evaporation* feed taifk. It stands on a platform above the cva|K)rators, 
to wmch it isyconnected by a ]iipe leading from the bottom whh two 
br^ches ^leadinjt to the two evaporators. I here is a main waive in 
ibis pipe, andl a valve in each of the brandies by wliich the flow to the 
evaporators is regulated. , 

There is another valve in each- of the branches just at the (mtry to 
thc^vaporators. During normal running llu' main valve and two lower * 
valves (ire turned full bn, the itpjier valves lieing n'gulafcd to the desired 
flow. ^ Between the main \"d\’e and the point where the pipe »branches, 
there enters a pipo fniin llu* hof-water restirvoir, tilted with a valve. 
By shutting on the main valv<i, either or both of the eva])r)rators cgn * 
Uius bft flushed out with hot water. , 

The liqftor in this lank is made iqi licjuor blown from fly* billing 
tanks and of mother-liquors brought up Irom the crystallisinj^ pans by 
a stcaqi lift. 0 ' 


In addition this reservoir there is a large taiik»(6o cubic fed* 
capacity) not in tj:« original design. This was insj^illetl^tor holding 
weak liquor frwi the boiling tanks from which it (lin be blo^ up after 
•a charge cfliags has been boiled, and to wliich it can be ru^ back ^ter 
the removal of the bags, this bc'ing repeated until the li(p.»*r is sufficiently 
concentrated. It can also act as an o\’erflow resiTsioir to llu' evaporafio* 
•feed tank, matters being so arranged that it is absolutely interchangeable 
with this tank, i.e. the evajioralors can be h'd and liquor can be nm to 
yielxiiling vessel from either tank. , * 


Evaf>oi'a/urs.- -Two horizontal Kestner emulseur evajV)rato.*s .arc 
arranged under the reservoir })latform. h^ach consists of two concentric 
•steam j)ii)es about So feet long, arranged in a sjiace of about 20 fftet long 
by the jnping being fokled over on itself three times. The pijnng is. 
covered for the greater part of its length. " 

. The licjuor comes down from tht“ reservoir by a pi])e with two branches, 
oni* to each evaporator, entering at the bottom, and passes up tlirouglf 
Uie a^arhtus. The .steam enters at the to]) and ])asses along in a 
Sii 1 *( 1 tion counter to that of the liquor. The liijuor exit .from-each 
evaporator passes u]) xcrlically through the ]))atlonn to a circular 
separator. The emul.sion of steam and concentratcxl solution gpes up 
through this pipe.uijo the «separalor, .where the steam escaix-s by a pipe 
'Utftough the roof and the solution falls down through a j)ipe leading 
from Uie lx>ttom* of Ihe separator to an iron lahndcr, which carries the 
Solatibn along to* any of tlie three crj’stallising pans. Steam condensed 
in the apjiaratus is blown from .a trap to a sm.'ill tank on the floor. 

Crystallising ^ans^ —I'he ciystallising pyns consist (]f three rectangular^ 
jdtketed iron pans ^arranged side "Isy -side, each having 'thfee vertical 
sides* the fourth side’, far from the liquor entrance. slo])ii^ ‘up to a low 
angle. Watef is'run into dhe jacjtet at this end on each side of xhe pan, • 
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and*runs to the drain through'a pipe from the bottom, at'thp other‘end. 
The pans are arranged with a very'^light sley e towards the end nealrest 
the launder, an'd in one corner is placed a draining'’hole close by a plulf 
with an iron handle, through whi^ the mother-liquor from the crystals 
can be discharged into an iron pipe running along the, floor undei the 
thr^ pans. A steam ejector is fitted to one end of'this pipeby means of 
which* the mother-liquor can be lifted up to the reset vpir'again, The 
other end of the pipe can be screwed off to allow any. mother-liquor to 
run to the drain if desired. ; ' • 

Each ol the three pans is of the following internal dimensiofas :— 

Depth - - - - - 9i inches. 

Breadth - - - - - 4 feet 9 inches. • 

Length to where bottom begins to slope up ii feet. 

'Additional length - , - - 3 feet. 

The total capacity when brim-full is about ^5 cnbic feet. 

The liquor coming albng the launder is directed into the desiicd 
pan by blocking off tlie exits to the others with wooden gates made to 
fit closely into the launder. 

.A draining platform consisting of wooden bars I inch apart and 
with 9. 3 inch tatcli-boar^i all around, is fitted on to the shallow end of 
each pan. ' • 

Dry tetf-storcT^-^his is situated near that end'ol the washing plant 
w^ere the driers are placed. Dry bags are taken there on trolley rails 
leading frOm back of the driers. They are then .sorted into thrdc 
,classes, sound, split (»r ragged bags, which are then baled and stored^ 
Fibre is put with the ragged bags. The capacity of the store is aboijt 
11,800 bags. 

' Open^on of plant.—As previously stated, experience showed jtiterav 
tiqn ^n plant and working to be advisable. These alterations will i)c 
described later. The following notes refer to the operation of the j)lant 
as originally de.signed. 

ITie procedure in boiling is as follows :— 

* Liquor from trough 1 is levelled over and fills the boiling lank to 
a depth of about 18 inches. The inlet cock is then closed, the char^'c 
’’of b^s (usually 50)* is intrtxluced, and the necessary additional quantity 
of liquor from trough 1 is pumped in by means of a hand-f^peratell 
rotary pump with a flexible delivery pipe. 'Hie pump is fed fro.m tht; 
bottom 01 trough 1. The bags are not folded, but put into the boiler 
haph|p.ard as it was found that if the bags are folded a large amoiiht of 
nitre is left between the folds at the end of the boil. 

The bags arc compressed only on introductioii lb the boiling tgjik. 
the piston being raised during the boiling. In from 10 to 15 minutes 
the liquor is in active ebullition at a temperature of from io5“-T-ia'’ C., 
and this is continued for a further 30, minutes.t At tli/?. end of this 

• 'The charge vas originally fk) bags, but it wa.s fciiind ’that tlic tight parl^ng 
'n&css;^ry to immerse them prevraited a p'oper circulation flf the liquitl and an even 
distribution of temperature. • ' t' , 

t I.f'ter, the time of boiling was gradti^ly ^increased to i Ijour, sliown on th^ 
flow-sheet. Fig. 32. ' 
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tim? steayi, iSi^tufiied off and the liquor‘is run to the eggs and blown 
up 'to the new tiquor tan|j:<( the piston being down to express as much 
liquid as possible frdra the bags. ♦Tlic bags are then rcllioved from the 
tank and.placcd in trough i (speci&l sticl^s fitted with blunt, twisted 
hoolfe (shunter’s,hooks), are used for this imqiost;), where they arq allowed 
to soak until* the trou^li is full, a period of about i | hours. 

A newVhwge of bags is then placed in the boiling tank, and the 
Itquor in the licplor tank is allowed to run back into tlie boiliAg tank. 
Bhiling is started and the jirocess is rejicated until the liquor is sufhoicntly 
concentrated (live lots of 50 bags each generally suffice), wheh it is blown 
to the other liquor tank for feeding the evaporators, and a fresh lot of 
liqper frpip trough i is .introduced into the tanks. A convenient strength 
of soluticin is one of sp. gr. 1-37 to 1-40 at 80° C. ’ , 

Prom a number of experiments, the steam consumjition m boiling 
was estimated as i • tT[) 11k per bag. The estimation was based on measure¬ 
ment of the orifice in the valves through which the steam ('scapes to e.ntcr 
tlic boilhr, aivl the time the valve is ojicn clyring tin* boiling. The amouht 
of steam i)assing through the valve open (o clilTerent extenVs wfLs found 
by ])assing the steam into cold water and measuring IIk; amount con¬ 
densed? The results thus obtained were checked by pas?qng steam into 
known (|uantiti('s (?t water and noting the rise in temperature. 

, So'ahiyg. —J^ags are left in each trough for about ij hours, so that 

4hey take iiiJbut 7 hours to pass through the system. Leaving trough 4 
they are placed on a large draining board until no mo«;,liquor drains 
^iway from them, befon; being thrown on the Hoor in front of lh« 
Ttutrifugals. 

, The bags are put into the centrifugals in loA of 2«, 

]tacked round the sides as ex'i'nly as jxjssible. Tlie amounf of liquor 
removed per bag on the centrifugals is about 3 lb. As this liqftor ccfditins 
12 per cent, of nitre it is collected and returned to the systeiiy being 
'pumped back into trough 3. 

Drying. -The time taken in drying is about 3J hours. 


*, The average temperature of the interior of the drier is about 50^’ 

.\ir Icjtt'es, the radiators at a temperature of about ()0' C. and issues 
• trci6i,the machine at a temperature of about 39 ' C. * ^ 

The consumption of steam in the driers was estimatcid by*measuring 
the. •water condensed tind blown up from the lra]>s to the restTvoirs. 

A “number of deteftninations show an av(*rag(* consumption of steam of 
406 lb per hour.' A correction for iie atnouiit of st(.'am condensed in 
pipes lejdjng to .the driers of 13*13 h>. lies Ikm/ h'avc's the actual 
steqm.used in*Iho driers as 39-‘9 1’*“^ hour. 

It was found advisable to cjpse down t'oe radiator casings con.sidcrably 
with pieces t)f shett metal, in order to limit the. amount of ;ur*passing * 
tltfough tlte driers, ^s considerable, lu'at fvas being It)st 4hwmgii mort• 
than^he necessary* q’uantity of air being blovm through. 
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Evaporating .—^The liquor in the evaporation feed tank is made up 
of liquor blown from the boiling tnnks and.^mf mothe'nliquors brought 
up from the cfystallising pans. The*'specific gravity of this liquor its 
about 1-4, and it contains per'cent, solid in solution. Its average 
temperature is about 40° C. ' i 

The average temperature of the emulsion oT steam tmd solution 
leavin| the evaporator is about no" C. The two evajlbsatcR-s together, 
running •continuously, handle about 10 cubic feet of hquor in the feed 
tank per hour, liquor containing qb j)er cent, of solid matter in solutiew, 
and of specific gravity about i *4 at 40° ('. 'I'hey deliver liquor cpntaining 
about 56 per cent, of solifl in solution to the launder, at a temperature of 
about 85° C. to 90" C. 

Weight of liquor charged jicr hour 10 x 62-26 x 1-4 lb. 

. 871-6 lb. 


Weight of solution discharged per hour 


87I-6*x 46 lb. 
56 


^ — 710 lb. 

Weight of water evajioratcd per hour — 155 lb. 

Sealing of*the t-vajiorators is a sourci; of trouble. To l^ssC-n tliis, 
the use of water with scale forming ])r(>perties fiir 'washing should be 
avoided. '’ffranlTc^vrrangi-d that both drier tra])s itiid both ew-iporator 
traijis deliver into a condensed wati-r tank, from which jiiot distilled 
wauT can be to the system, h'ven when distilled water is used fof 
^vanhing, however, considerable scale still forms in the pipes and it is 
necessary to clear tlioiin out freiiuently. 


Brass valves wx're originally used on the feed pijies to the evaporatbrs, 
lAit theTjrgss valves were later replaci-d by cast-iron ones as considefabU- 
troulijy was being caused by tlu- exci-ssivi' corrosion of the feed pi])e?.. 
and it? was suspected that galx-auic action was taking place. 


A Steam jiressure of 45 lb. is usually maintained in the outer tubes,! 
but slight variations arc made as necessary to secure the reijuisite 
cone’entration. 


•The steam consumiition has been estimated by colhicting and 
Theasuring the water coiuhiiised in the a])paratus. A number of det(*r- 
minations give the average weight condensed per hour as 212 H). •• 

A corfection must be introduced for the water condens(;d is ‘Ilif* 
steam jiipes, and for the radiation from the evajiorators themselves. 
The fqrmer is 4-7 lb. per hour. Owing to the difliculty of not being 
able to measure the temperature on the ,inside of the steam pipe 
constituting the oyter layer of the ^vajiorator, the coVrection for radiati^ 
as been made by assuming that the evajHirator behav.es. as regaras 
‘ Oilensation, like an ordinary 3 inch steam pipe. •-Eath evaporator 
eonshsi of 74 feet 6 inches of 3? inch pipe, of which 65 fegt is covered 
with iJ’nch packing. 'I'he steam condensed j)er fort length per hour 
3 inti pipe tvith inches co\jf*ring is o-iTTb.(sec note on ste^ 
(^onsurrTptioi.later). 
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3^nch pipe per loot lengtli jier 

.-. Total water aShdensed in evdporators due to radiafion 
# = 6 ,^ X 2^x o-ii f- 95 X 2 X 0 - 79 --= 29-3 lb. per hour. 

Steam use^ in actual heating of the liquor 


212 — 4*7 - 29-3 -- 178 lb. per hour. 


cry.sl«msi«g.~- Each pan is allowed to stand until tlie liciuor has 
cooled to about 20 C. The lujuor is then allowed to run o6t int(j the 
iron pijie beneath and taken up to the toil reserv'oir bv means of ttu* 
steam ejector. , 

.The crystallised nitrate is " fished ’’ to the shallow end of the pjuT 

in rnp /Irainmrr riiob- ... i... . i_...1 * . * 



cr>'stals var>.’«n ajqiearance, but in the majority of eases are of a markefl 
bluish colour in bulk. Analysis, howe\’er, shows a jiurity *if* about 
98 99 per (;ent. after eliminating moisture. ^ 


Steam consumptifo.^ -Steam is introduced into the plant by a main 
pi])(! runrnng through tlie raw bag store and down t« 4die cmmi' of the 
fnain buildii^i Before the pijie enters tlie bag store a jiipe takes off 
iniy water condensed up to that })oint. • ^ 

Another traj) situated at tlie other I'nd of tlie^ main pi]ie reinowes 
■»4)()^rtion of the water eoiidenscd in the jhpe. but not all of it. 

From this main jhpe leads are taken off to the boiling tanks, the 
tii^aporators, and to each of the driers. In estimating the steam;-.onsump» 
tion for the various parts of the jJant, an allowance is made foj the 
condensation in the main and in the various leads. The* inijiftiv’cd 
practice described later would involve a smalltT steam consuiiiption, 
but below is shown the method by which an attemjit was made to arrive 
at a figure for the steam consumjition jier bag. ♦ . *•* 

riie steam maiii consists of ()(> ft. of covered and 3 feet of uncovered 
3 inch l^pe. and 33 feet of co\'ered and 3-5 find of unco\-ered 2 inch pipe. • 
.rjiCkConclenVation per foot length per hour in a 3 inch jiijie with ji i.J inch 
cover*is o-ii lb., and for the same pipe uncovered is 0'79 ^i. For a 
2 inch pijie with a i-l inch cover it is o-o8 lb., and uncoven'd o-5(> lb. 

.The total condensation in the mains is thus; o-ii) i 

(3 X 0-79) + (33 K 9-08) f (3-5 X lb. per hour, i.c. 14-23 lb. 

p*Si hour. , ^ ^ • 

. .The amoutit delivered bj' the trap at the end of this jiijie (found by* 
measurement^ is 6-o lb. per hour. 

.•. the aitiounbof water condensed in the steairt mains introduced 
to ihe variotis pails o<1he plant is 1^-23 - *0 8-23 11*. pqi' lyAr. . 

The twO'driers^ri! fed by 42 feel of*iJ inch covered pipe ^nd 15 feet 
•of IJ inch uncovered pipe., • - * ‘ * 
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, The condensation per foot length per hour for ij.^ inch pipe with 
inch cover is 0*065 lb., and for«the samei,|sipc uncovsred 0*40 ib. 

Condfensation in leads to driers = (42 x o**o65) + (15 X 0*40) 

* jb. per hour 

— 8*73 lb. per hour. ^ 

* A 


The evaporators are fed by 16 feet of 2 inch covered pjpe and 2 feet 
of 2 inch uncovered pipe. ^ „ 

.*. Condensation in evaporator leads = 16 x 0*08 jb 2 ‘x 0*56 lb. 

* per hour 
= 2*40 lb. per hoilr. 


Now, the total condensed water delivered from drier traps^ --- 406 lb. 
pef hour, and the total condensed water'delivered from evaporator traps 
is 212 lb. per hour. , • 

Total steam used per hour in boiling tanks (c&lculated from assum- 
Xion that 200 bags are ti'eated per hour at a consumjition of 1 • ifi lb. 
pej* bag), 232 lb. jier hour. ..." 

Of Jhe 8*23 lb. water condensed in the steam mains and introduced • 
to th,e various parts of the plant, it is assumed that quantities proportional 
to tile steam (jonsumptioii of the various parts of the plant art?irkroduced 
to these various parts, i.e. of this 8*73 lb. the quafttity received by the* 

driers lb. per hour 


= 4*4lfc. per hour. 

1 8 * 7"^ K 212 

The quantity received by the evaporators — ^ 350“ hc^i. 


—- 2 • 3 lb. per hour. ‘ 

, *The t/>tal amount of steam condensed in the main and leads intro- 
dur^d into the driers is thus (4*4-1 8*73) lb. per hour, or 13*13 lb. per 
hour,«dnd in the case of the evaporators it is (2*3 -b 2*4) lb. per houv, 
or 4*7 lb., per hour. 

These amounts are deducted from the total amounts condensed in 
thbse two pieces of apparatus, as shown by measurepient. 

In the case of the boiling tanks no allowance is madf^ fo.r steam 
condensfed in the main and leads, as in this case the estimation ,0,' th6 
stedm us(k1 was not ba.sed on the measurement of condensed water. 


From the figures given in the various earlier.parts of this import, 
the net steam consumption is— ‘ 

In the boiling tank - - - ' ' 1 * 16 lb. per bag* 

In the driers - - - - '392*9 lb> per hour. 

In the evaporators - - - 178*0 lb. per hour. 


Taking the number of bags treated Us 4,000 per ^ay, then— 

. , tSteam cons;imption in the driei% 2*36 Ibi per bag 

, Steam consumption m tfie evaporators. £=,1*07 lb. per b^ 
Total net steam consumption on^the plant = 4,* 59 lb. per bag 
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WithS“rntfw£”^?fhandled has varied a’ gocxi deal. 
aJS shiff? W ^ 4-oo« bags Lr drfy of 

and raw bags as they come in, and also of the cleaned 

and dned bags, vary.considerably, but the average figures eivAi fielow* 
may be tafcen -as being not very far from the tS fie LerS 
ipmstflre per raw bag has been determined in a large number of cas^s 
^d on variot^ Says, wet and drJ^ by jmtting raw bags through the 
drying n^chmes. Ihe amount of jute fibre and earthy matter whicli is 
lost m tr&iisit has been determim^d by weighing all collected on the plant 

^"ttl number of bags paUSg 
tliKJUghihe plant m that time.. ^ ^ ^ 


A J-#U * 

Average weight of unbrusiied bag - ’-4-^0 

Average weight* of nitre recovered jier bag by brushing - i-^o , 
• weight of brushed bag entering the boiling tank I'Jo 

Av»rage weight of moisture in bag entering boiling tank - «-^o 
Average weight of fibrous or earthy matter di-positeil »i*r 
. l>ag m the plant - . . -..o-oi 

Average weight of washed and dried bag and Na%’()., 1.50, 

. Amount 01 ^movable nitre per brushed b;ig - - i-oc) 

•Amount oftiitre recovered per brushed bag4)V^)lanP^ - 0-85 
■. I.b;>»ol nitre jier bag - - - ' . - 0-24 

Ihe average amount of nitre in the washed and drie4 bJIgs is aliout 
per cent, or <)• 104 lb. per bag. Variations in.thc treatment of th(* 
viaps did not diininish this, and since the residues of nitni left appeared to 
be constant no matter whether fresh nitre bags or duni]) bags (which, 
•gwhigjto exjiosure to the weather, had a lower nitre conJeiTt) w'eA* 
treated, the suggi'slioii wiis jmt forward that nitre was present ip the. 
bags in two forms, one loosely adliering, varying in qifantit;f and 
A'oniparali\ t;ly easily remo\ cd; tiie other fixed in some way, jiroji^rtional 
in quantity to the amount of libri* present aiul not easy of removal.* 

Labour. 1 he plant is workinl with three shifts duruig the 24 hbursr* 
tUe number of girls per shift being lO. 

The work is ilivided as follows ; 


Bag vi'ASHiNG plant 


Monthly licporl —4 -iceeks c 
Boilers working 
livaporators jvcjrking « 

Driers working 
Jeptrifugals ’working 
Aarged. 

*•- • 

Unwashed ^ * -* 4i»,g65 bags 

F»r rinsing - ' 3,550 „ 

357*8 lb. string;* * . 

• equivalent tb *- 381 


nding 0 a.m. 2 i\lh March igI8. 

3 Hours working - 449*25 
” - S 73-5 

... - 40.5-7.5 

^ - ,102*75 

Produced. 


l>ry,l>ags :J8,i.4.y * 

9, String and fibre 0*6538 ion * 
Sodium nitrate 2q*^30 tons. 
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.manufacture of nitric acid 
V. Stocks. 


Unwashwl ba^slore. 

Drybag store. 


Sodium nitrate. 




Bags. 

String 
& fibre,. 

I 1 

Tons. 

In stock 

- .I.nj-' 

In stock - 

- 5,688 

1-8076 

stock - nil 

Received f.om TNT 

Received from plant 28,14.5 

o-65Jt: 

Produced 29-6830 

Received from G.C. 

- J.'f.SOS 


— 

— 

r ' — 

Total - 

- .■{7,of)o 

Total 

Issued to traffic 


2-4612 

Total 29-6830 

Issued to plant - 

- 2f>.o()S 

Other is.sues - 

.-iz .(>75 

; 

Issued. 26 ’8125 

Stock 

- xo.ogs 

Stock 

- 21.157 

2.4612 

Stock - 2-8705 

Total 

- . 57 , 01)0 

j Total 

-J3.832 

2- |6I2 

Total 29-6830 



- •*— — - 

- — 

■-- 

. .... --- - 


J^iysteal data. 

Strength of li(iuor in store tank 
Stoani pressure in evajiorators 
Temperature of liquor leaving evaporators 
Tcini)! 5 ?Ltur(r'l>f*driers, No. I- 
Temperaturc of driers, No. 2 - 
MoistiliC in scxliura nitrate produced 
Sodium ni'tVate in dry bags produced 
Sodium nitrate recoverefl by brushing 
Dry sodium nitrate recovered by plant 
Effli-iency of plant - - - 


45-4 per cent. NaNOj 
48 -^lb. ’ ’ 

84-^ C. 

C. 

36-3“ C.. 

8-24 per cent. 

O'G per cent. 

1-3710 lb. per bag. . 
0-9695 11). i)er bag. 
91-8 per cent. 


r. charw hand, who is in cliarge of the shift, and who works the 

' eggs and evaporators. 

1 lirl bringing in bags to the boilers. 

2 girls in cliarge ot boiling tanks. 

o girls unloading from the boiling tanks and passing bags through 
« the four troughs 

2 girls in charge of centrifugals. 

2 girls charging driers. 

3 girlij unloading driers. 

Other duties, such as removing scum from the surface of the liquor 
in the-feed tank, cleaning and swiUing down the floU’" and placing nitre 
from the jians on to the draining boards anu into bags, are carried out 
as required by girls taken from the troughs. ' 

The plant is in charge ot a sliift officer, who is op, diity durmg the 
day from 9 a.m. to 5 p.m. 

()t\ page 75 a bag washing plant rejiort, and in Fig. 32, a now-sheet 
^showing jjiysical ijata, are reproduced. 

Improv^ practice in bag wadting.—-Plant difficulties at one factory, 
, together with'an increasing stock of bags to be washed, made necessary 
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** * '* 

a • deviaBon froip thft standard method, aiid these brief notes indicate 
the metho(f adoptM and ci^iclusionar arrived at with the results lor 
six? months from January im to JurlU 29th, 1918. t 

Summofy of results. —i. Nitre ba|;s are thoroughly brushed at the 
nitre ^hed before.delivery to the plant. Over long periods v^f ayerages i 
•the niUe content is estimated at i-i lb. per bag, whilst the average 
content,for tl»e si.x*months is taken as i-2 lb. per bag. * 

• 2. Boilyig tanks have been removed as being unnecessary k)r the 
puf^ose of effecling the solution of the crystallised nitre on the bag. 

3. Solution of nitre is effected by soaking the bags for 5-fo minutes 
in washing trough No. i at a temperature of 7o“-8o'' C., demonstrating 
that^ttolopged lading is,unneeessary. Heat is supplied by the separated 
steam from the evaporators which had been allowed previously ^to pass • 
out flireugh the roof. , • 

• ,4. Full advantage i^ taken of the spon^'e-like properties of we^, 
jute in t^e dilutitm and extraction of nitre. ^ 

• 5. It was'found that it is ])ossib]c on Urge operations to wash b^s 

* so that the percentage of nitre retained is less than 1 per cent*., which 
would tgpeUto dis])rove any theory of adsorpt^m, which ]ias been "put 
forward as the rcaso* of the high nitre content of washed bi^s. 

6 . Egj's and tiltrf presses have been abandonq^ ^s yj3n«ccssary 
since the clarilicafiou of the solution is dfected by settling. 

7. livaporation troubles have been classilied under two cau%«;s^ 

(a) Mechanical, 

\b) Chemical, 


■ and t<i a great extent eliminated so that no appreciable scaling v now ^ 
ill evidence. 

8. All hot contlensed water from the driers is returned to the boding 
tanks, so that by preheating the feed water, one Cochran boiler haj^iJign 
aftle to run the whole plant at its present rate of outjiut. 

9 One of the presses has been installed as an im])roviscd bafvng 

* machine, and all bags are now graded and wired in bales of 50 so that 
* • coiteiderablc saving of space in storage and transport has been ellecteu. 

io.'*l9Q*075 bags have been washed, dried, and stored during the 

• pftitJd# which represent an average over the whole periiid of 1,103 ]^r 
Siift or 138 bags per hour. 'I'hc nitre recovered over the pdnod was 
86 tons, equivakiit tg 0-97 lb. per bag showing a loss of o- 23 lb- bag 
on the estimated coifLent of j-2 lb., i.c. a loss of 19-1 per cen . 

‘ • A flow diagTi^in of the present irrocess (Fig. 3 .i), together with 

outlines pf ^ morlef pnfeess and a comparative chart of the nitre content 
of'bags "at various stages, are reproduced herewith. 

It appear^— * 

• fa) That* a^mplc process has #volved winch Jhe Avera^ 
forew^an o^ mdinary iiitelli^nt^ can mdnage with a,muamum^ 
6f sup^vjsi^i. * 
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(6) That it would be possible to consthict.^ plant capable 
of treating at Imst double *ihe numbsf of bags'far ^Ift with less' 
service %and maintenance chbSiges than in<the standard t)^e*of 
process previously dbscribed. 

, ic) That with very little alteration and expense‘all Acisting 
standard plants could be converted as shdwn in Fig. 33, process • 
No. 2. 

* Improved bag-washing plant 

Outlinai of a model bag washing plant.—^The bags are w 411 brushed 
before being delivered to the plant and now contain an average of i*i lb. 
of nitre mostly in the crystalline state. , • 

, • The first point studied was that\of the method of efffecting* the 

solution of the crystallised nitre on the bag. , * 

On Jhe authority of Landolt Bomstein, t^ie dissolving of one gram- 
•fnolecule of NaNOg in 200»gram-molecules of water, absorbs 5 kilo-cmories 
pf^hcat; in the absence of data at greater concentrations this fig?jre 
is taken as a basis of calculatfons, viz., 200 x 18 grams of water dissolving' 
85 grams 6f NaNOg absorb 5 kilo-calories. 

One gram of watef as steam condensing liberates 550 .calories; 
there’fore, fof every 85 grams of NaNOg dissolved, >) grams of water asi 
steam acaj^eedgl.^ ‘ , , 

For every 85 grams of NaNOg recovered from a 50 per cent, solution, 
8s grams^of water must be evaporated as steam, so that tliAe is available 
the heat of^ajiidensation of (85 -9) grams of water as steam for general 
heating purposes over and above that required for the solution of th?: 
nitre. , * 

Arcording to the standard practice, 50 bags irregularly packed are 
agitated*for 45 minutes at a temperature of io5''’-iro“ C. using "hv^e 
steam foi; agitation, and a liquor of 1*37 gravity is obtained which is 
run*to the evaporators. 

“TTaking a solution of this strength as a basis, it was found that uf 
bags were dipped loosely with shght agitation at a temperature of 
80--85° C.,thc whole of the nitre was in solution after five minutes, and ■ 
any prolonged boiling was unnecessary. ^ . , 

Under plant conditions the bags are allowed'10 minutes soaldng, 
which if ample for the solution of the nitre. This is denlbnstiat?^ , 
tha laboratory experiments mentioned later. ' ” 

The plant consists of two units of wrought-iron trough, 18 feet long 
X 3«feet wide at top x 2 feet 10 inches high, with a capacity of gd cubic 
feet, heated by passing the separated steam from the' fvaporators through 
a grid of 3 inch, wrought-iron p?|)es fastened to one side of the trftu^i 
so as to promote slight circulation of the liqilors,' any unepndensed 
steam being allowed to escape through the roof b/ means of "a <small 

stac^' • * 

j'^i^his manrfer a temperature of 7o°-8o° (^. is (maintained in these 

trouelL^^*^®* e\taporation i? in process, and i inch live stearti cohnections 
are let int? inflow pipes to provide heating if at any time no evaporation 

fs takina 
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solution in No. i trough and 
S^dNn Th*?’- mi^tes, and •are then transferred to drainmg 
of I • 30 at yo ' C ^ *ipeatOT until the solution reaches a ^lecitic gravity 

•wa+w the recovery of the nitre from the feags is 

conducted to find the best method for eliminating 
^ solution of the nitre had been aclom- * 

pli^-d. 1.4c follojving table shows averages over a large number of 
ba^ treated with wj^tcr in every case :— , 


How treat rd. 


Wet and nndrained 
Wet ^ind drained 
Wet and inanRled (hand) 
Wef and ririitrifneed - 
•Dry - - - . 


Average weight 
in lb. ^ 


#•0 

4-.5 

d'5 

2-2 

1-4 


.\verage wafer coiiteni 
in lb. 


4 -r. 

■fi 

2-1 

0-8 


, This .shows a mq^ gin of about 100 per cent, i^ favour of fie centrifugal 
machine <jver nrangjjiig, allowing for a slightly largtT cxlractjtin with 
power manfdes. •! his means that a bag^aving an avCPitgl; ilttm content 
oj 1*2 lb., altaff t)oiIing in 45 per cent, nitrate solution (as is tlui standard 
practice), would contain under similar conditions tlu^ tollmvint' amodkt * 
^f nitre:— . > 


• Hi*w Iri’.ilcd. 

A))])rn.\iniate moisture 

Per rent. 

.AjijiToxiniHfe nitre^^itent 

• 

eontcnl in !b. 

roirmining. 

in .solution in lb. 

l^wa.slied bags 

_ 

sj). gr. 

.. 

ino 

1 •; 

Vvot and undrairu-d - 

i-J.S X 

2.{0 

'j-8 ~ 

W'ct and drained 

i-j-f X . 5-1 - 4-2 

iIhi 

I ■() 

Wet and mangh-d 

i-, 5 S .< -'-I 2 -« 

i '»5 

I • j() 

Wty ami centrifuged - 

1 -js x 0-8 - 1 •() 

• 

.!/ 

'>• 4.5 

figure depends on the size and speed 
and time factor. 

of the centrifijgal used 

• • 


Burthermore, moist bag from the centrifugal rnacliine when . 
plunged into wate/immediately absorbs, with a sponge-like attion, 
Y'’at^ up to 4-6 Ib^; ithis iif turn dilutes the strong nitre solution in the’ 
bag foul* to five J;inaes,^d by again ceruritugallinc reduees the percentage 
of nitre In * 111 ? ibag.in the same ratio. I 

One hundred grams ot dry bag from the nitrate shed wcr('. heated 
for 10 minuted at ^5° C. in 300 c.c. of water and then centufuf^h The * 
fibje was again heated^for 10 minut^ at 85° C. in 3oo»c.e.J|of.\<mler 
again ^cent^uged. i, TSiis was repeat6d*a third* time, aftc^whlfch th^ 
Jaag was dried, weighed, and thS^niJratc content estimated. 
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Laboratory exphinients oyfresh hags*. 

' Nitre extracted. Nitre remaining. 

f - . ** 

' Per cent. ' ' Per cent, 

istboil - - - 50-2 « , .7‘34, 

2nd boil ... 6-3 i'04 

’ 3rd boil - - - 0*7 I (/•34 

. / 

Another 100 grains of dried bag were heated for 10 'minutps at 
85“ C., then centrifuged, then washed on the centrifugal whilst standing 
with 100 c.c. of clean water, and again s^nin. This operation was re])feated 
three times, the bag weighed, and the nitri; content estimated. 

2ik1 MoUkkI. 


I'A'tractod. RcmainitiK. 

I ' 

Per t’enV. _ Per ri'iit. 
■If'.', I » 5-^5 
5-2 ‘ 

e-5 'I'l.T 

On ilrv fill! 

-I 7-2 


Washing on a centrifugal has to be done when the niacliin- is i i 
rest or travelling at not more than half s])ecd, otherwise the coiiijnesslon 
tf^he individual fibres is loo great to allow of the jienctration of th(' 
vv^a^jvater. On a plant scale as shown in flow diagram of No. 2 process, 
it has been possible to wash bags so that tiie nitrate content is widl below 
I per cent. 

From these experiments the following washing jirocess was ])ut 
into operation, and during the necessary reconstruction changes,' the' 
output of the department was maintained as steady as poss?l)le ;vith the 
followirig cycle:— ^ ' 

Forfy bags are dipped into washing trough No. i, A or it unit, 
allowed to stay there for 10 minutes and then placed on draining board A 1 
or B I for 10 minutes, transferred to washing trough No. 2, where they 
remain for 10 minutes, then on to draining bofl.d No. 2 A or B, for 
10 minutes. Tw'entyiare treated in centrifugal., A o*' p», being spun 
for seven minutes and waslnd when starting with approximately 
i| gallons wash solution from washing vat No. 3. This is to rejflacc 
the sfektiori carried forward by the bags; all solution from centrifugals 
j'etuming. (^ectito washing'trougl) No. 2. ThcN>ags are l(,oscly thrown 
into hashing trough hJo. 3, where they remain fo. jo minutes, and then 
place^ oh &-aming board No. 3, tran^'icrred to washing trough No. .4 


I ist Vothod. 

I I » 

Exlracti'd. 1 Kemainiiig. 

__! _ __ U 

ii' 

! Per cent. I Per rent, 
ist wasli^i. J 

2nd wash (i-3 i-('4 

. vd wash 0-7 ()-3.) 

? ' ^ On dry libro. 

. . ' 'U-.‘5 i <)-78 
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for'ifi* minutes^ and then lo minujes on gaining board No. 4, 

fiiia}]^ bei »5 in tnac^nes No. g or 4, the solution from whi( 5 i is 
rotumed to washing irougflWo. 3. •.Cycle of bags as follc^vs : — 

. Spaking - - - - -• minutes. 

Draining - - - - 40 # 

Cenfrifuging - - - 20 

• Tlius^bags are ready for drying in 100 minutes. When washing Vi 
N«. I, A of B, l*as reached a specific gravity of i •31) at 70" C., it is allw\v 
to settle for one slkift, and then puraiied to Ki'stner feed s^jiply tanks 
for evaporation. No. r trough is then tilled from No. 2 and 3 from No. 4; 
condensed water from Kestner being ruiPinto No. es required, and made 
alkclline with soda ash. ^ , 

•Two of the driers are worked with restricted radiator ffjieiiings; 
the. capacity of tliesr i;^ obviduslf controlled by tlie moisture content 
*of*the bags as they come from tlie centrifugals. Witli an o?eudL s^iifi 
ot abovi 10 minutes, the present machines <uc callable of n-ducing^thii 
• water contenl of qo bags to 0-56 lb. per bag; mut it larger maciHves \w'?e 
‘ installed this would be materially n>dneed. IIowca ct, it woiTkf probably 
be chcEipt* to enlarge and strengthen the j^esnit drier^ if addflioual 
capacity were reciaired, since the presi'iit type is rathi'i* liglit for tliis 
class of \gork. "'fhcijdiaximum output s^far demanded 1ms beej»2oo bags 
^er hour fqf thc*lwo machines, which has not overta.\ed tlieir capabilities. 
» The bagifwhen dry' are graded ist, 2nd, :uid 3rd, and })ressed i^o' 
neat bales of 50 and wired. By this means a large ecoftfji^ (4! spjfee 
'is effected in storage and transport. • ^ 

*'• One of the presses from the dismantled boilers has been impnfffiscd 
»as a baling machine close to the delivery end of the dri(>rs, and thrgrader 
iSftrts ahd bales as the bags are dried. , ^ 

There an* two independent fonr-lulu! Kcsinei evaporato?S i iisftil uxl 
designed to work at steam pressure of 15 lb. Ihese have of 

evaporating tubing of 4(»-X stpiare feet ol cva])oration surface, mid the 
usual vapour separators. • 

There is a large volume of low-pressure vajiour separated fromtthe 
(>C*tiporated iiiiuor. ifk it is previously ].oinled out, which has Ikvu idlowcd 
,to ^affe ih the standard design of plant, and is available h^' heating 
pufg^ses. 

However, care must be exercised so that no back pressure is cieatcc 
on tfle evaiiorators which would redard their cajiacity foi evaporatRin. 
The vaixnir l^j*s been i^tilised for the following luirposes 


(1) Tg siyiply the neci 


Mitre^i^i'tlvi bags in the primar)|' 


;sfA.ry 'heat 


for t1*c 
washing^’ats. 


solution of th< 


(2) To preheat the solutionnn the evaporator feed tank. 

. 

mour i#led»througli a tubular ci^ndenscr of aniif^ (Irffiensio^^ 
.nJfdeusme surfaJt*s, and is .provuled \Jli ^llicien 

yapour. 


The vapour ^ 
which .has large co^jdensing surfaffas. ai 
dr ainin g pipfes and free .atmosulienc outlet 


provK 
for all excess of 
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MANUFACTURE OT UITRIC ACID 


As previously stated, scaling of the'evaporators has caused consider¬ 
able trouble at most factories, aftd may g^?.perally be assigned tf two. 
main causes, vi.-.:— 

(a) Chelhical, 

(b) Mecluanical. 

themical. -There appear to be varying qu^niifies of calcium 
sulphate, either from the teachings of the nitre collecting in tlie bags, or 
as weighting material in the fibre of the bags. This matenhl deposits 
on any heating surface, and very quickly reduces the leating efficiency. 

To eliminate this undesirable impurity, soda ash was added to the 
solution in excess of the quantity rccjuired to prerijntate all the calcium 
■salts (calculated as CaSt)4) in solution at, CaCOj. Tliis apjjeai^ to llave 
minimised the trouble, although it has not completely eliminated the 
scaling; as on examination of the tubes after months’ work, the 
three top tubes in one sc" were found <o have a ,| inch scale, and the 
^rresponding tubes in the other had J-inch of scale. Howe’ er, this 
Scale was probably the result-of deficiency of soda ash d\xe to variations 
in the c^cium salt content of the bags, and the analytical method of 
control has been abandon ’d. From mechanical reasons soda-ash is now 
added to the weak solution in the secondary washing, vats Nos. 3 and 4,, 
which a*s kept,;distinctly alkaline,,.and the evapo*,”tors are washed out 
daily with .strong ash solution, lit is anticipated tluu in +his nianne'- 
th’ evapo-ators will keep entirely free of this calcium scale. 

', The calcium carbonate so formed settles with the' dirt and may be^ 
"frivfjd on; the s(/dium sulphate is deposited probably as a mixture] 
of i.rystals with the sodium nitrate. The system sodium nitrate 
.sodiurti' sulphate-sodium chloride has not been worked out exiictly^ 
but a‘ few figures may be given. A cold .saturated solution of cruile 
nitr^, cr>'.' tallising at 16" C. may contain 43 jicr cent, of NaNO;,. 3-5 per 
cent^^qf Na^SO^, and 4-0 per cent, of NaCl. As the NaCl increases, 
th*e Na2S04 is eliminated, so that there is usually obtained a cold saturatell 
solution at i()° C. containing 3q per cent, of NaNtX,, 1*5 per cent, of 
1X92^04, and 8-4 per cent, of NaCl. The ma.\'imum (804) calculated as 
Nk2^f)4 fmmd so far in recovered nitrate is 1-5 per cent., but thc' averiigc 
content is about o-8 per cent., representing roughly the adciilion of 
14 lb. of) ash per 100 bags treated. In factories which objc^ct to'jicL-ljiifi 
ash* to tlt<‘ solutions owing to the jiresencc of sodium sulphate, in the. 
nitre, the washing out and soaking in ash solution of the cva]K)rators would 
be shfficient provided the rate of flow was maintained througn the 
•evaporators by either of the methods mentiolu^ late*' under meclianical 
running.' 

Mechanical. —The average t mperaturc of feed liquon, aficr dilution 
with return mother-liquor from''crystallising pans, is about 50” C., and 
the iiKf^’al boiling fioint is 108" C., with a final boiling-poirA at a concen- 
^tration \>l ^5 ppecific gravity of 115“ C. 'rhr> represen>.s, tJierefore, 
a tota'f he^^hg range oJ (115°- fis” C., and an evaporating ra^ge 
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The-st«ai^psessurc used averages 45 «).. with a saturation tempera- 
r^f 145 (...tso that margin of difference from ' 


turfroi 145- c..*so tJiat margin of difference from out-going liquor 
IS (145° -115^) ■ 'jIT' C. ^ ^ I * 

*1, litres it is evidenf that too mucrilas been asked of 

these'small heatmg surfaces, and cAsequcntly the rate of flowior high# 
^^'^^^^•ftons lias had to be materiflly reduced. Using them thus as 
indep«nden<» uaife, has materially uided in the mechanical scallhg bv 
rtason ofsthc velqpity of liquor. • ^ 

If the stafidiivd method of operating wen; to be made efficient,-at 
least on(^six-tube Va])orator should be installed to allow of«i good flow 
of liquor. There are, however, alternative methods of working the 
present evaporators to eftict similar resftlts, for e.xainple, as followsT - 

^ The two sets of evaporato/s may be worked in series, concentra'ting 
K^'^vity of T- 34 .- ^-f jl 9 ^ specific gravity of i'45 at 
• 90 No. I set, frnd»feeding tire concentrated liciuor from No. i into 

a finishing off in No. 2 to a specific gravity •if 1-50 at 100 ' C.,'*s<ir't mi l 
the rale of flow is at least jo cubic feet per Ifcur instead of 10 cubieJeSt* 
per hour as in stimdard practice, • •, 

'Hie method now in use is a double circplation methd(l*by jvhicli 
all the*licfuors are daily circulated through^he evaporators ui^lTthe, 
whole of the j^mc^ntrated liquor reaches a specific gravTty of i'48*at 
90° C., .afid theg liltSlly run to the «r>ji*allLsing trayiirti4xsp»x'iflf gravity 
fi ■ 50 at running at the rate of about .50 culiic feet per hour, 

^y this means it is possilfle to obtain a yield of 4 to 6 cwte. of nire' 
^per tray, so that per 8 hour shift it would be ])ossible ttf;Vccovcr 
^ to 12 cwts. of th(' nitre, allowing from t to 2 lumrs for saifking^j^fis 
ur<ish solution and washing out. It is found that with the M«sent 
^reco'^ery of 10 to 15 cwts. per day it is possible to close dwii^ thj 
waportitors for eight hours for soaking when only working ohe 16 hour 
shift on bag washing. ^ ^ • 

With the elimination of the boilers the further use of the blowing 
•:ggs was uunecessarv', and these have been removed. The ^IlSuait 
filtering of such small quantities of liquor with the tyjie of filter wress* 
installed w'as a problem requiring xcry close attention. How'eygrJ^ as* 
aJ] suspended matter in the liquor setth'S in a period of from 4 to 8 4 oars, 
varvirig with the depth and density of solution, the clear liquid may be 
> jJl'tiatm'd off by mt;ari.s of a tap about 4 inches from the bottom and 
tin* Sbttled mud jx-ricKlically cleaned out. so that by alteniqrfcly v.sing 
th<‘ two primary solution tnmghs, first as solution tank, and th(‘n as 
settlftig tank, the ijeed for fillei presses has been elimmated, and«it has 
been found necesi^ry t») cl(#au out each i)rimary vat only once per week. 
•By* this method, thi solutions run t| the evajjoratojs are remarkably 
clear aijd jiwfimlmg fd the .solution takes place,#conset]uently the colour 
of the’crystarrecoverc'd is geiUTally g<»d, and it is only' found necessary 



s 15092 



84 MANUFACTURE OF NITRIC i*CID 

** Process No. i is the one described abovQ,.and is thg one'Wliict fan 
most economically be worked witli the prer'nt plant lay-out. It was 
intended to have nower mangle yistalled instead of a draining board 
between washing troughs Nos. i and 2, but this has not been pos.'^ible, 
'so t^at 'washing on the centrifugal ‘machine before, compression of the 
fibre fakes place has been installecv as a compensatitjn. Of the two 
centrifugal machines used, the steam driven has been the most useful. ^ 
Th6 result of a week’s working of tiie improved prqf;ess’dre givep 
below :— 


No. of bags washed - - 10,146 

Weight of NaNOg recovered ■ - 12,452 lb. dry. 

Average weight recovered per bag = 1 • 23 lb. per bag. 

Average weight of brushed bag -j-^NaNOg -f Hgt) - - 3-43 lb. 

There is 25*8 per cent. UgO in a brushed bag. 

.Weight ot NaNO.g in bi^jshcd bag charged 

' 3'43 lb. -25-8 per cent.—weight ot dry bag. 

wl 3-43 lb.—o-88,,lb.-weight of dry bag. 

Average weight of dry‘bag — 1-43 lb.- -{moisture »i- NaNOg content). 
Moistute^-.10-8 per cent. 

NaNOg content^--- i-q8 per cent. 


12-78 

I^JATe average weight of dry bag -^1-43 lb.- -12-78 per cent. 

. *■%_ -1-25 lb. 

.'. Na^'Oa charged per brushed bag= 3-43 0-8S -1-25 

1-30 lb. 

L-jj; . f 1 , Amount of NaNO., recovered x xoo 

hmciencv of plant — ; - - ■ ■ j - 

Amount of soda charged 

1-23 X 100 , 

— - - T)er cent. 

1-30 * 

-= 94-6 per cent. 

Cost of runninc nitre bag-wasiunc; plant 
Standard Practice. 

f?elow are given some actual costs for the'five weeks ending 
ist June LQiS, together with the.corresponcCng fig ircs for the prevrpus^ 
month. ' ^ , 

f) I’n-vioii^ inohlh*. <■ 

Washi-il bag-i prodiicc-ij - - 9 40,874 40.358 

litre recovered: - r ^ 

By pf.’it \ 17-35 Ions, or 0-022 lb. per bag 13-07,{ons, or 0-835 lb. jicr bag. 

- ■ By ^ruslii]^. 22^7 tons, or 1 -198 Ib. jrr bag 25 ■ 26 tons, or i - 593 lb. per bag. 

■ _ Totii< 39-92 tons, or 2-T20 lb. perba^' 38-33 tons, ,or ^-428 lb. per bag, 
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\()St pat^ 1,000 bags. 


-V 


(fl) Plant officers 

(b) Ojft'ialive waKw (i()-2 opi iatitc-,) 

(c) Overtime allowances (time .ukI hall) 

, Ya r<j and traffic 

SUam anaslfam -pou'cr (tj,</j5 tons ol i/al| 
PJ<^1 mnefal expenses 
(«; Plant stores 
h) Clothing 

if) Shift house and mess room • - 
^ktinleAAnce ofJ>hml and process Imih/inf^s 
(a) Materials - - - 

{//) Wages - - - - • - 

(f) On g)sl (shops and salaries) 


Cost of j 
production. : 

Prcscjil 

pciiod. 

I’lcvioii.s 
‘ ’period. 

- • - 

-- 
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Hence cost for llu- inontli ol Mav is /o-oi.ii5 Tser ba-iof 
.. 4(>8r/. per bag: and llic cost ior the nioTilli ol A]>ril is^ 

^bag, or 3-8ob(/. ])or bag. , ‘ 

‘ Washed bags are divided into three eafegoiies, known 
,^as sttund, slit, and ragged; tlie jmoporlion oi these Dial n 

ve»y approximately as follows : - 

6o per cent, sound. 30 per cent, slil, i j.er cent, rag; 

Taking sound bags as being worth 4|r/. each, slit bags as bei . T!rff l\ th 
^d. each, and ragged bags as being worth p<‘r Ion of [..jou Nags, 

the average value of a waslied bag might be taken as : - .■» 

bo per cent, of 4-5t/. \() per cent, ol : 1 (x'/^clmt. 

()'25 X 240</r, t.c. 2-7ori'. i i-iyd. , o-oibr/., or p88()(/. 

f ~ 9 - 

1400 

At a time when tlic abota* were the values oi sound, .slit, and ragged 
washed bags, an univaslied bag could be sold for 21b f lenct' the \-.*lue ol 
the bag may be taKen as having been increased b\' 1 -hSlrf/. by washing. 

. ^The value o'! ♦et nitre in Maf ipi8 was i22-()iy ifta*-ton,Oi 
2 - 45 ^’pery?. . • • 

.This gives 5'i94tt. as the value t.itre recovered jicr bag in Dlay, 
and 5-949(/. .as the value ol nitre recovered jier bag in Ajuil: i.c., the 
profit on tlie^lantjwas :— * 

In*May (5-194 + 1 •886)rf.«^ ^-JbSd., pr p,-(jr2a.<^T 04*: 

IntApril + i-88())rf. — ^/^oW., or 4 029</. j^ba;: 

This, of course, make^no Mlotvance ^or amortiiy?^ion. 


p-ol,5St) 

_ • • 
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Improves, practice.^’ 

For the initi\'| working qf the improved practicfi^^aunng a penoa ;oi 
six months when 1^9,075 bags wei% treated, and the i;ecoveiy of nitre 
^er bag was 0-97 lb., the working cojfjts were as fellows' 


Power and liglit 

Steam 

W^es 

Mafntenance - 



d. 

ro'^69 

(.'• 7 p <, 

^0-17 ,i 


1.919 9 , 2-32 

This' includes the wages of a fraewc^ian and i6 women workers, 
\yith the foil aikry of a chfjnist. Tlfe laXt itan would be unnecessary., 
hS^'V'tfi whett onceja^^cess wasj&i mnning order; and the labohr, 
'cfo,*would be reduced f. . . " /■' - « » 

••-The ni^re recovered per bag is’that Recovered on the bag-washing 
pbij.tonly, the bags beinf , brushed in the |U^ shed before delivery to 
itliQ plant. f. , ' ; V ' 

Cost of alterations to plant mafe^ ja c^ei that »Aejpractice might 
be modilJfed are^laf-indadM. • ■ «■ 

, These figures aare su^ficielLt'Jl^^^’^t a nitr^ bii^*.washing plant 
c^ be Tufi at a considerable t«Ki#fswte are a laigb numfe of 

b^s tp> be tinted. 


jiiintaa uodfii' the autl%>rity of Hra Uajisstv's SrlftiOiiSwY Omp 
r By Kyre «»% Spo^timvoodof Cul., But Ktrding fibrMt, B.C. 4, 
Priutera to tlw 'Km^'a moat Bxoelleat ‘ . 






